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260- point, newly 
designed, run-out 
table at Allegheny 
Ludlum, automatic- 
ally lubricated by 
Trabon. 


11 bearings on the 
revolving mandrel of 
this Allegheny Lud- 
lum coiler are quick- 
ly and easily lubri- 
cated by Trabon. 
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Here at one of the country’s leading steel companies is a good example of de- 

pendable, versatile TRABON automatic lubrication at work. 3800 points on a 

wide variety of equipment . . . hot strip mill, cold tandem mills, soaking pits, 

furnaces .. . are being lubricated by Trabon systems. 

There are good reasons for Allegheny Ludlum’s choice of Trabon automatic 

lubrication systems: 

e Trabon engineering service assures the best in design, fabrication and 
installation. 

e It’s a pe sitive system—a single indicator at the pump to tell the operator 
when all bearings have been lubricated. 

e It’s completely sealed so that it operates effectively even underground and 
is unaffected by steam, dirt or snow. 


e Trabon systeis, for either oil or grease, fit any bearing situation. 


Write for more information today. 


ENGINEERING CORPORATION 


1814 —. 40th STREET e CLEVELAND 3, OHIO 
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thousands of man-hours...thousands of bearings... 


Saved { thousands of dollars! 


ALEMITE OIL-MIST 


e most efficient machine lubrication ever devised! 














J MULTIPLIES Bearing Life! 
Z SLASHES Product Spoilage! 
2 BOOSTS Machine Output! 


It’s almost unbelievable, but the record proves it’s 
true! Oil-Mist has literally saved thousands and thou- 
sands of dollars. Even more important is the equally 
impressive record of increased production. Increases 
impossible without this completely new conception of 
lubrication. This increased production, increased bear- 


ing life and decreased product spoilage has paid for 
installation after installation in a matter of weeks. 

This is a completely new, amazingly simple, system 
of lubrication. Easy to incorporate into new projects, 
just as easy to use in modifying existing designs. 
Oil-Mist applies a constant, clean, cool film of oil uni- 
formly to working parts—groups of bearings, slides, 
chains, gears—wherever needed. And in the form 
needed —liquid, spray or mist. The lubricator has no 
moving parts ... operates on compressed air, is com- 
pletely automatic, completely foolproof! 





HOW IT WORKS: The Oil-Mist Lubricator atomizes oil into 
microscopic particles which are carried 

in the air strearn and distributed 

through tubing to bearings. 


Oil-Mist airborne lubrication is 
accomplished this way: Compressed 
air entering the unit passes through 
air regulator (1) and air gauge (2). 

As this air passes through venturi (3) 

it draws oil from reservoir (4). Oil flow is 
set by knob (5).-The mixture of air and oil 
from the venturi is thrust against baffle (6). 
Only the most minute, lighter-than-air 
particles are blown through outlet (7) into 
delivery line to lubricate bearings. 








Alemite Oil-Mist offers these lubrication advantages | > : 7 | ' ; 
Clivers ot! 


Automatic Lubrication * Continuous Lubrication * Eliminates Guesswork * Greater Safety 
e 
to bearings 3 ways! 





Cuts Oil Consumption up to 90% * Extension of Bearing Life * Stops Oil Drippage 
Reduction of Bearing Temperatures * Manpower Savings * Elimination of “Down-Time” 
Reduction in Number of Lubricants * Protection from Contamination D 









1. Oil-Mist as Such. Most commonly ap- 
plied to any type of anti-friction bear- 
ing — ball, roller or needle. 


LUBRICATOR SPECIFICATIONS: 

* Oil-Mist outlet 14” fem. p.t. Air gauge registers to 
50 psi. Operating air pressure — 5 to 20 psi. 

¢ Air regulator (A) reduces from pressures up to 
200 psi. Normal air consumption —.7 to 1.2 cfm. 

¢ Range of oils handled — to 1,000 sec. (S.U.V.) 
@ 100°F. 

¢ Oil reservoir (B) capacity 12 oz. (approximately 
1 week supply). Intake filter screen — 70 mesh. 
Fill plug — %e”. ; 

© Material — die cast aluminum body with nylon plastic ¥ 
window. 

© Baffle-type water separator (C) —automatic self-dumping. 
Requires no manual attention — no filter elements to replace. 
Air inlet 44” fem. p.t. 

© Solenoid Control (D) starts system automatically when machine starts 
— foolproof. 


Alemite OIL: MIST Lubrication 
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2. Oil in Spray Form. For open and en- 
closed gears and chains. Nozzle par- 
tially condenses mist so that it can be 
directed on to a concentrated area. 


3. Oil-Mist Condensed. For plain bear- 
ings, slides, ways, vees, cams and roll- 
ers. In these applications, condensing 
fittings convert oil-mist to liquid oil. 












Write Today! this oit-mist Catalog 
and Engineering Data Book is FREE for 
the asking. Write now for your copy. 
Alemite, Dept. P-123,1850 Diversey 
Parkway, Chicago 14, Illinois. 
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FACT BOOK ON BENTONE* 34 


The non-soap gelling agent . . 











| GELLING AGENT ror 
.UBRICATING OFF 











HOUSTON, TEXAS 


N° 
pivisid ark — Notional Lead Co. 


* Registered Trade M 


Now you can get all the facts about Bentone* 34, in this new 
brochure prepared especially for lubrication men . . . learn what it 
is, its physical properties, how it is made, how it gels, how 
Bentone greases are made, the manufacturing advantages, and the 
many properties of Bentone greases. 


Fill in the convenient coupon below and send in for your personal 
copy of this informative new brochure. 


‘NATIONAL LEAD COMPANY 
BAROID SALES DIVISION, P.O. BOX: 1675, 
HOUSTON 1, TEXAS 
1 would appreciate receiving a copy of the 
NATIONAL LEAD COMPANY new Bentone* 34 Brochure. Please send to: 
BAROID SALES DIVISION 




















P. O. Box 1675, Houston 1, Texas NAME ‘ 
_ TITLE. 
*TRADE MARKS COMPANY. 
REGISTERED Fete see a 
U.S. PAT. OFF. ADDRESS. : 
pg ks | 4 ae ___STATE_ 
— : Hope ieee Care 
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We “planted” it in wartime 


Two years ago next month we broke the news about 
“the palm tree that grows in Ohio” — Palmoshield, 
the domestic replacement for imported palm oil. 





Users at this writing include most of the major tin 
plate producers of this country and Canada. They 
have found that Palmoshield, being a scientifically 

Pd formulated product, is much more stable and uniform 
— | than the natural oil. In use it has helped increase 
tonnage as much as 1590. More important, it eliminates many of the 
variables which can prevent rolling clean, high quality steel. 








... it flourishes in peace! 


Today, the picture in steel is changing. With the pressure of production 
easing, increasing emphasis is placed on quality, on problems of finish and 


efficiency in operation. 

Ironsides research, which developed Palmoshield, is now geared to these 
problems of the future. The same facilities which freed the industry from 
dependence upon foreign lubricants can now be focused on specific plant 
lubricating questions. Our engineers are available for consultation and 
technical assistance without obligation. Call or write Director of Research, 
The Ironsides Company, 270 West Mound Street, Columbus, Ohio. 


Special Lubricants and Preservatives 


nous) FRONSIDES PALMOSHIELD 


“the palm tree that grows in Ohio” 
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Here is a 
Heat-Proof 
Dry-Film Lubricant 









































































































































It’s ‘dag’ Colloidal Graphite. It comes dispersed in 
a variety of liquid carriers . . . water, oils, volatile 
hydrocarbons, resin-solvent combinations . . . which 
get it where it should go, and then put it to work. 














Spray it on, paint it on, apply it by dipping. ‘dag’ 
Colloidal Graphite produces a durable,dry lubricating 
film that won’t gum up or break down at any of the 
temperatures you are likely to run into. It is 
unaffected by heat up to 3000°F. in inert atmos- 
pheres . . . with a coefficient of friction so low that 
moving parts just keep on moving. 

















‘dag’ Colloidal Graphite works where conventional 
lubricants have failed . . . on oven conveyors, in 
bearings of kiln-car wheels, on conveying equip- 














ment for hot strip steel, and in places where 
degreasers destroy most lubricants . . . almost every- 
where that high heat and friction must be licked 
to keep things going. 




















Let ‘dag’ Colloidal Graphite dispersions cure these 
headaches for you. Details are available in Bulletins 
No. 424-12M and No. 435-12M. 

Dispersions of molybdenum disulfide are available in 


various carriers. We are also equipped to do custom 
dispersing of solids in a wide variety of vehicles. 
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DISPERSIONSS)| «4/80 ACHESON COLLOIDS LIMITED, LONDON, ENGLAND 


Units of Acheson Industries, “© 


dag Acheson Colloids Company, port Huron, mich, 
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BRITISH 


STEELMAKERS 


depend on 


MORGOIL 
Roll Neck Bearings 


because they 
insure accurate products 
last a long time 
require little maintenance 
May we tell YOU more about them? 





MORGAN CONSTRUCTION CO. 


WORCESTER, MASSACHUSETTS 


English Rep., International Construction Co., 56 Kingsway, London W. C. 2, England 


ROLLING MILLS e MORGOIL BEARINGS ¢ WIRE DRAWING MACHINES 
REGENERATIVE FURNACE CONTROLS e EJECTORS ¢ GAS PRODUCERS 
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ROLL NECK BEARINGS 













MADISON 
-KIPP 


freoh oct 


UE oer waned, 


Illustrated, the 
Madison-Kipp Model 
SVH Lubricator 

on an Ingersoll-Rand 
XLE Compressor. 








© Sktlled tu 
DIE CASTING 


«eee STANDARD EQUIPMENT ON COMPRESSORS, [iE “d 
WORK ENGINES AND MACHINE TOOLS.... Really High Speed 


Oil under pressure fed drop by drop from a Madison-Kipp AIR TOOLS 
Lubricator will definitely increase the production potential : : 
for years to come when applied as original equipment on . Experienced,in 
new machine tools, work engines and compressors. There LUBRICATION 


are six popular models for every application. Write for & 
special engineering data for your particular requirement, 


MADISON-KIPP CORPORATION 


223 WAUBESA STREET, MADISON 10, WIS., U.S.A. 


ANCIENS ATELIERS GASQUY. 31 Rue du Marals, Brus- 
sels, Belgium, sole agents for Belgium, Holland, France, 
and Switzerland. 

WM. COULTHARD & CO. Ltd., Carlisle, England, sole 
agents for England, most European countries, India, Aus- 
tralia, and New Zealand. 
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AT WRIGHT AERONAUTICAL* 


just one grease 


SHELL ALVANIA GREASE 


lubricates 


3,200 MACHINE TOOLS 
25,600 ELECTRIC MOTORS 


and reduces grease 


requirements 15% 








ALONG with progressive companies in every in- 
dustry, the Engine division of Curtiss-Wright has 
found that a single lubricant, Shell Alvania Grease, 
provides superior protection to many different 
kinds of machines . . . from sump pumps to com- 
pressors to forging presses. They discovered at the 
same time the considerable economy of greatly re- 
duced grease inventory . 
for hundreds of machines. 


. . Just the one grease 


In plant after plant, Shell Alvania Grease pro- 
vides superior lubrication for every grease-lubri- 
cated machine in the place! 


Shell Alvania Grease may well be the answer in your plant. Write 
for teclinical information on Shell Alvania Grease, to Industrial 
Lubricants, Shell Oil Company, 50 West 50th Street, New York 
20 New York—or 100 Bush Street, San Francisco 6, California. 


SHELL ALVANIA GREASE 
The True Muth-Farpose (ndlustria/ Grease 
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*Engine Division of Curtiss-Wright Corporation 








Look at these advantages: 


Shell Alvania Grease flows freely in cold 
temperatures, yet will not run out of bear- 
ings under excessive heat. 


Ideal for wet, humid applications . . . it 
resists water emulsification. 


Shell Alvania Grease has extremely high 
oxidation stability. 


You'll find that Shell Alvania Grease ex- 
tends time between greasings . . . a sub- 
stantial saving in labor and grease. 


Simple inventory . . . just the one grease 
to stock and apply. 
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.. With TYCOL lubricants on hand! 


The “All-Weather” Bearing Lubricant! Steel mills have shown a 
lively interest in Tycol Acylkup 4, a year ’round bearing grease 
that does a variety of jobs with a complete disregard 
for thermometer readings. Although all methods of application 
are suitable, one “3-Furnace” mill has found it particularly 
adaptable for use in its automatic grease systems — with complete 
ease of pumping even in the coldest weather. From Blast furnaces: 
Sheave Bearings, Bell Mechanism, Skip Hoists, etc. .. . to Coal and 
Ore Bridges, Tycol Acylkup 4 is a natural for lubricating yard 
equipment in every steel mill. With two big savings: “all weather” 
protection ... and lowered maintenance costs on automatic pressure 
systems. For details, contact your local Tide Water Associated office! 


Over 300 Tycol industrial lubricants are at 
your disposal . .. engineered fo fit the job! 


REFINERS AND MARKETERS OF VEEDOL... THE WORLD'S MOST FAMOUS MOTOR OIL 
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Boston ® Charlotte, N. C. ® Pittsburgh 

Philadelphia © Chicago ® Detroit 

Tulsa © Cleveland © San Francisco 
Toronto, Canada 


TIDE WATER 
~ae= associated 


OIL COMPANY 


17 BATTERY PLACE - NEW YORK 4, N.Y. 
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acuum p 





cut pump-down time in half! 
increase operating efficiency! 


of... 
Ups 











Houdaille | 


< 


WATER-OIL 


SEPARATOR 


@ Removes moisture from vacuum pump oils; 
cuts pump-down time in half... Keeps oil clean 
and dry. Enables pump to provide a high 
vacuum without oil change and eliminates 
pump “drying out” maintenance! 


@ Eliminates changing or discarding of oil; 
allows maximum pump operating efficiency . . . 
Increases production due to less downtime. 
Actually provides 2-way protection—filtering 
out contaminants from oil as it separates water! 








DRI - PURE is easy to install—can be hooked See Honan-Crane 
up to service one or more vacuum pumps Equipment in Operation 


‘ won 2 he 
depending on the application. Quickly pays re 
for itself in oil savings alone! PLANT ete 3 


Chicago, Jan. 25, 26, 27, 28 
Booths 1233-35 





WRITE TODAY for complete informati 
Equipment Bulletin available on request. 


Honan-Crane Corp. 


818 Wabash Ave., Lebanon, Indiana 
a subsidiary of .... 


Houdaille-Hershey Corp. (7G), 5), 7ER MANUFACTURER. 


In Canada: E. W. Playford, Ltd., Montreal 28 i aa ala 
W.E. Micklethwaite, Toronto 18 
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NEW SOLNUS OILS 
GIVE YOU MORE 








LUBRICATION PER DOLLAR 


New Multimillion-Dollar Plant 
Producing Better General Lubricants 
at Moderate Prices 


They can be used for lubrication 
of plain bearings, antifriction bearings, link- 
ages, slides, cams and gears; in gear boxes, 
hydraulic systems, circulating systems, in- 
dustrial diesel engines, compressors. 


They can be used for longer periods 
because they resist oxidation, prevent rusting 
and corrosion. 


They can be applied by every 


method used in the general lubrication 
of industrial machinery. 


They have low carbon content 
In compressors, for instance, any carbon 
that does form is soft and fluffy, is easily 
blown off, does not build up. 


For technical bulletins, call your nearest Sun office or write 
Sun Ort Company, Philadelphia 3, Pa., Dept. LE-12. 


INDUSTRIAL PRODUCTS DEPARTMENT 
SUN OIL COMPANY 





UNOCD> 


PHILADELPHIA 3, PA. ® SUN OiIL COMPANY LTD., TORONTO & MONTREAL 
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ANNUAL MEETING HI-LITES 


1954 ASLE ANNUAL MEETING & EXHIBIT 


NETHERLAND PLAZA HOTEL, CINCINNATI, APRIL 5-6-7 


A partial list of papers to be presented at the 9th ASLE Annual Meeting & Exhibit include: 


« Bearing Design Today 
* Behavior Of Sleeve Bearing Materials, by C. M. Allen & K. A. Davis 


Boundary Friction Of Very Well Lubricated Surfaces, by E. Rabinowicz 


. 


Fleet Taxi Engine Wear, by O. Wuerz 


Frictional Properties Of Soap At High Pressures, by J. R. White 


How To Put Across A Technical Paper Or Report, by L. N. Rowley 


Lubrication Application Problems & Their Solution In The Coal Industry 
(Panel) 


Lubrication Application Problems & Their Solution In The Steel Industry 
(Panel) 


Metalworking Session, covering wire drawing, wax lubrication & metal- 
cutting cutting oils 


2 


« Micro Testing Of Greases, by H. V. Wadlow & E. E. Campbell 
* Railroad Bearing Lubrication 

* Reclamation Of Industrial Petroleum Products (Symposium) 

« Rust Prevention, by E. J. Schwoegler 

* Surface Active Preventives In Lubricating Oil, by D. W. Criddle 


* Synthetic Lubricant Clinic 





NEW LUBRICATION COURSE TO ACCOMPANY ANNUAL MEETING: The ABC’s of Lubrication Engi- 
neering, five 3-hour class sessions covering the basic principles of Lubrication Engineering and presented by 
leading experts in the field, will be offered plant personnel starting Monday afternoon and continuing the 
morning and afternoon of the following two days. Registrants will be able to attend the regular meeting ses- 
sions and exhibits when time permits. 


J. J. O'Connor, Chairman 
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ATTENTION! The American Society of Lubrica- 
tion Engineers has moved its National Office, and 
that of its official journal, LUBRICATION EN- 
GINEERING, to: 84 E. Randolph St., Chicago 1, Illi- 
nois. In addition to this more central location (The 
Western Society of Engineers Building), ASLE now 
has available the facilities of the largest technical 
and scientific library in the world—The John Crerar 
Library. You are cordially invited to visit our new 
offices. 





A NEW ASLE PUBLICATION: When a ball or roller 
bearing becomes damaged in service, proper diag- 
nosis of the cause of damage is the key to correcting 
the difficulty and preventing a repetition of the 
trouble. INTERPRETING SERVICE DAMAGE IN 
ROLLING TYPE BEARINGS—A Manual On Ball & 
Roller Bearing Damage, a new 32 page booklet based 
upon papers presented before the 1953 Annual 
Meeting of the Society is now available, which in- 
cludes drawings, tables, and 74 photographs for aid- 
ing in the classification and identification of the 
causes of many of the common types of bearing 
damage. Price $1.00. (Write ASLE Publications, 
84 E. Randolph St., Chicago 1, III.) 


SELLING ENTHUSIASM FOR PLANNED LUBRICA- 
TION: Practical lubrication is a lot of things, not 
all of which are technical, and it is revealing to note 
that many universities teaching this subject include 
psychology in the curriculum. They recognize that 
it is useless to know how a machine or process 
should be lubricated unless both management and 
operators are in full agreement. The necessity of 
winning over management to a planned lubrication 
Program is obvious; they must underwrite it before 
it can be put into effect, but too often the necessity 
of convincing operators is overlooked. Their en- 
thusiastic co-operation is essential to a successful 
lubrication program while their indifference spells 
early failure. Lubrication is not a one-shot job to 
be performed and forgotten. It is a continuing 
effort which requires mé¢ticulous and constant at- 
tention to details. The necessity of continued care 
is not too obvious at the working level and the lub- 
rication engineer would do well to develop convinc- 
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ing facts and figures and to share the full story with 
all concerned. S.K.T. 


AUTHORIZED BINDING: Why not plan to have 
your copies of LUBRICATION ENGINEERING 
bound carefully and economically in our authorized 
dark green binding which includes the LE and ASLE 
signature cuts, the volume number and year, and 
your name in gold lettering. For details, write to 
ASLE, Box 776, Highland Park, III. 


FARRINGTON-AISE FUND ESTABLISHED: At a 
recent meeting the board of directors of the Associa- 
tion of Iron & Steel Engineers voted to give Rose 
Polytechnic Institute at Terre Haute, Ind., the sum 
of $1,500 which will be known as the Farrington- 
AISE Fund and used by the school for scholarships 
for needy engineering students of high standing or 
will be used for the purchase of equipment needed 
by the school. This award was established as a 
tribute to James Farrington, founder and first presi- 
dent of the AISE; Mr. Farrington, who is still active 
in the steel industry, was one of the pioneers in the 
electrification of the steel industry and in the ap- 
plication of electric drives and control for steel plant 
operations. His contributions and those of the or- 
ganization which he founded have been an im- 
portant factor in making the steel plants a better 
place to work and in enabling production of better 
steel at more economical costs. 


RESEARCH INFORMATION SERVICE: For more 
than half a century the John Crerar Library, 86 E. 
Randoiph St., Chicago, has been collecting the re- 
sults of research in science, technology, and medi- 
cine, in every language and from every country of 
the world, until today it is the largest library in the 
United States, perhaps in the world, devoted ex- 
clusively to these scientific fields —- its resources 
now include approximately one million volumes 
and pamphlets and current subscriptions to thous- 
ands of technical and scientific publications of a 
periodical nature. All of the library’s collections are 
available for use without charge by anyone inter- 
ested. Through Interlibrary Loan, books or period- 
icals are sent to other libraries anywhere in the 
United States, and a complete microfilm and photo- 
stat service quickly reproduces material needed for 
use outside the library. 

Research Information Service, staffed by subject 
experts such as chemists, metallurgists, geologists, 
and pharmacologists, is available to industries, gov- 
ernment agencies, or individuals who wish to have 
the library carry out library research for them on a 
fee basis and thus free their own time or personnel 
for other work. Since its establishment in 1947, it 
has completed more than 1,000 library research 
projects, one of its first involving preparation of ab- 
stracts of approximately 7,500 articles for the 
Atomic Energy Commission for publication § in 
NUCLEAR SCIENCE ABSTRACTS, covering: biology 
and medicine; chemistry; engineering; mineralogy, 
metallurgy and ceramics; and physics. RIS pro- 
vides: (1) Complete library service for any company, 
large or small, which does not have a professionally 
staffed company library, and (2) Special project re- 
search for companies or other organizations or in- 
dividuals whose library needs are partially met with- 
in their own establishments. RIS meets such re- 

(Continued on page 320) 
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Practical Lubrication, No. 10 


OPEN GEAR 
LUBRICATION * 


by H. W. Winkler 
The Brooks Oil Co. 
934 Ridge Ave., NS 
Pittsburgh 12, Pa. 














The lubrication of open gears has for many years had 
the attention of maintenance men, lubrication engi- 
neers, and those engaged in the manufacture and 
sale of lubricants. More recently much study has 
been given to the application of lubricants to open 
gears, and there have been several articles published 
on this phase which cover the field carefully. It is 
the object of this paper to cover the physical and 
chemical characteristics of the products which have 
been and are being used on open gears. 

There are many cases where the lubrication of 
an open gear is a simple matter. Instances are 
known of gears which have been in service for years. 
it would be possible to point out specific cases where 
gears have been in service longer than some of us 
have lived. This is partially a credit to the gear 
manufacturer or to the person responsible for the 
design of the equipment. However, under modern 
conditions it is increasingly apparent that the proper 
lubricant is also somewhat responsible for long gear 
life. Much could be said about the early types of 
lubricants, but present ideas derive from the advent 
of petroleum lubricating oils. 

Shortly after crude petroleum came into com- 
mercial use, a type of gear grease was developed 
that was manufactured by treating rosin with lime, 
plus the addition of petroleum lubricating stocks. 
This type of gear grease has served industry well. 
It is the kind of product which can be appiied with a 
paddle, a method that is very acceptable for hand 
application. This grease, once it is applied, will 
soften in consistency and spread over the face of the 
gear. It has a limited amount of drying action 
which is desirable. Rosin soap grease has a fair de- 
gree of resistance to the washing action of water. 
The biggest disadvantage in the use of this product 
is that it has a low melting point, and in service it 
continues to increase in fluidity. Rosin soap base 
gear grease is still used, and on many industrial gears 
it is difficult to replace. 

Perhaps one of the reasons the use of rosin gear 
grease has decreased is that it does not lend itself 
to modern pressure application. As a rule it is not 
uniform in texture and hence is not suitable for the 
precision mechanism associated with pressure sys- 
tems. 

Other early open gear lubricants were petroleum 
black oils, cylinder stocks, and petrolatums, altho 
there is evidence which indicates that petroleum 
oils with calcium resinates, as well as pine oils and 
pitch were used before this. The former products 
are still in use, but to a large extent have given-way 


*Sponsored by the ASLE Technical Committees on Lubrication 
Fundamentals and Physical Properties of Lubricants, and pre- 
sented at the ASLE 8th Annual Meeting, Boston, April 13, 1953. 
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to prepared gear greases and compounds. 

The next development in the lubrication of open 
gears, with products which were basically petroleum 
was the use of calcium soap base grease manufac- 
tured from animal and vegetable fats. This type of 
lubricant can be likened to cup grease, but it is 
made with heavier oil. It offers good resistance 
against agitation and can, therefore, be supplied in 
more fluid consistencies. Calcium soap grease can 
be adjusted to all of the usual ways of applying 
grease to open gears. It also has the advantage of 
being resistant to the washing action of water. This 
grease in general is not suitable for applications 
where operating temperatures are much above 100 
F., since the loss of moisture contained in the grease 
destroys the normal texture. It has the advantage 
of remaining more plastic when temperatures are 
lowered, and this makes for ease of handling during 
cold weather. Grease of this kind is low in film 
strength anc hes a tendency to wipe off. In general 
its adhesive quality is governed by the petroleum oil 
used in the product. 

In the lubrication of open gears, extensive use 
of the fibrous sodium soap base grease has been 
made. This lubricant can be made in fluid con- 
sistencies and has a stringy or fibrous texture, which 
in many instances aids in its application to the mov- 
ing gear. Sodium grease can be manufactured in 
various grades from a firm block grease to a very 
fluid lubricant. This grease can be adjusted to meet 
all forms of application. Sodium soap grease also 
has the advantage of being stable to heat. A dis- 
advantage is its solubility in water, which eventually 
destroys the consistency and lubricating value. 

Aluminum soap base grease as used on open 
gears is usually manufactured to have a stringy tex- 
ture, which aids in coating the gears. It also has 
good resistance to the washing action of water. 
Straight aluminum soap base grease does not func- 
tion well where there are high temperature condi- 
tions. It does lend itself to pressure system applica- 
tions because it can be made very uniform or homo- 
geneous, and as a general rule is easily applied even 
at low temperatures. 

The four different types of gear grease thus far 
mentioned, the rosin base, calcium soap, soda soap, 
and aluminum soap lubricants are suitable for gear 
lubrication where conditions are what might be 
termed normal, such as moderate temperatures, and 
low pressure per square inch on the rubbing surfaces 
of the gear teeth. 

The primary use of these soaps in grease is to 
impart body or consistency. They have limited 
value as lubricants and their chief function is to as- 
sist in applying to the gear the petroleum lubricating 
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oil and any other material which has been mixed into 
the soap. 

There are a few metal soaps that are used in 
open gear lubricants which do not contribute much 
to their consistency or hardness. Of these, lead 
soap is outstanding. The type of lead soap most 
commonly incorporated is used to improve the lubri- 
cating value of the finished product. Lead soap 
assists in the wetting or covering action, and in- 
creases the film adhesiveness and film strength. It 
retards or prevents corrosion and assists in supplying 
a film which will lubricate in the presence of water. 
Lead soap film remains on idle gears, thus contrib- 
uting to the initial movement when operation is 
resumed. This film is retained for long periods of 
time and thereby aids in corrosion prevention. Lead 
soap has a penetrating action on the surface of metal, 
thus providing total surface coverage and assisting 
in preventing scuffing, scoring or galling. 

A limited quantity of gear grease is built around 
a few metal soaps other than those mentioned. Of 
these, zinc soap is used the most. It aids in surface 
coverage and film strength. Zinc soap is frequently 
used with zinc oxide and this combination offers 
increased lubricating value. 

Greases made with barium and lithium soaps 
have limited application to open gears, and to date 
these lubricants have not been used extensively. 
There are indications that lithium soap offers good 
possibilities as a base for open gear grease. 

Some assistance is obtained in open gear lubrica- 
tion by using such bodying agents as the bentones or 
aerogels. These products when incorporated into 
lubricating oil help to hold the oil and maintain 
body or consistency in the presence of high ambient 
temperatures. The lubricating value of such com- 
pounds is relatively low, but they do offer a con- 
venient means of obtaining partial relief against 
heat. 

In recent years transmission of power by open 
gears has resulted in greater loads and higher speeds, 
due to the use in many instances of smaller gears. 
Today, for example, a gear three feet in diameter is 
used where possibly a six foot gear would have been 
used some years ago. This change in the size, de- 
sign, and speed of gears has brought about a demand 
for gear lubricants which will meet these more 
severe conditions. For this purpose viscous types 
of either refined or residual petroleum stocks, fre- 
quently referred to as gear shield lubricants, have 
been developed. These products have good ad- 
hesive characteristics, and in addition possess fair 
fluidity. Into them can be built extreme pressure 
characteristics and lasting film properties. 

Modern open gear lubrication is a field where 
the film strength of the lubricant is very important. 
In defining an open gear lubricant, this characteris- 
tic is frequently treated as if it were of little value. 
In actual service a product which has high E.P. 
characteristics combined with a lasting thin film will 
give the best lubrication with a minimum of power 
consumption. In this connection it is important to 
remember that most of the significant properties of 
a grease cannot be determined by visual inspection 
alone since similarities in appearance can often be 
misleading. These can only be fairly evaluated by 
laboratory tests and by final reference to operating 
performance. 


In an effort to correlate laboratory evaluation of 
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load carrying capacity with actual service, a modified 
test on the Timken Lubricant Tester has been of 
assistance. The standard Timken test procedure is 
to provide an ample flow of lubricant to the rotating 
cup. This method demonstrates film strength, but 
not endurance. The lasting value of the film can be 
studied by conducting the usual Timken test and at 
the end of the 10 minute period shutting-off the 
flow of lubricant. The length of time the film sup- 
ports the load before scoring occurs helps to evaluate 
its durability. The minimum lever arm load for 
open gear lubricants should be at least 33 Ibs., 
though weights of 43 and 53 Ibs. are also used. 

For lubricants which are not easily circulated in 
the Timken tester, a convenient method of studying 
the film is to coat the cup and block with 4 grams, 
approximately one level teaspoonful of the product, 
and run the machine until the film ruptures. A con- 
stant load is maintained, such as 43 lbs., and no 
additional lubricant is added. A run of 15, 30 or 
45 minutes helps to evaluate the !2ad carrying capac- 
ity. 

These petroleum residual gear lubricants vary in 
viscosity from 250 to 10,000 seconds at 210 F., 
Saybolt Universal. The heavier grades have only 
slight fluidity at 75 F., hence must be heated for 
ease of application. 

The manufacturer of lubricants, realizing that 
greases and compounds for open gears must of neces- 
sity be of heavy consistency to provide film thickness 
without dripping, have endeavored to assist in the 
application of lubricants by providing products 
which have a fair degree of fluidity at the time of 
application. The most popular approach to this 
phase of gear lubrication has been by the use of sol- 
vent. The basic principal involved is very similar 
to the use of turpentine in paint, with the exception 
that when the solvent has evaporated, a plastic film 
remains. There is also evidence that in addition to 
the ease of application, solvents assist in making a 
close bond between the lubricant and the face of the 
gear. The use of solvent has an additional advan- 
tage, in that a much heavier and more viscous lubri- 
cant can be applied. It is interesting to note that a 
material containing solvent requires less pressure 
for application than a similar bodied product which 
does not contain the solvent. As an illustration, a 
viscous gear lubricant with a viscosity of 6000 sec- 
onds at 210 F., S.S.U. can be reduced with a small 
amount of solvent so that the viscosity will be 1000 
at 210 F. When this product is compared with a 
similar lubricant which contains no solvent, but 
which has a viscosity of 1000 at 210 F., it will be 
found that at lower temperatures the solvent type 
lubricant will require less pressure for movement in 
a system than will the straight product. By proper 
selection, it is possible to keep the amount of sol- 
vent at a rather small percentage. The purchaser 
of a solvent type gear lubricant should give consid- 
eration to the amount of solvent placed in the prod- 
uct. It is not difficult to understand that a gear 
lubricant with 10% or less of solvent offers the con- 
sumer much more in actual lubrication for his money 
than does a compound containing 30 to 40% sol- 
vent. The amount of solvent also in some instances 
presents a problem as to whether the fumes would 
be sufficient to be toxic, or in a quantity that may 
involve a fire hazard. Since most solvents used in 
petroleum lubricants are basically toxic and in most 
instances present a fire hazard, we arrive at the gen- 


295 














eral conclusion that the less solvent used the better 
the product. 

This solvent type gear grease may be applied in 
many ways. It canbe put on with a paddle, but also 
lends itself to brushing, swabbing, dripping, dipping, 
and splashing. in addition, it is convenient for spray 
application. 

Solvent cut lubricant also enables the person 
responsible for lubrication to adopt methods for ap- 
plication that will be most economical and best 
suited for a particular job, and only one lubricant 
need be purchased. 

In the consideration of open gear lubricants, 
attention should be given to the many conditions un- 
der which the gear operates. The viscosity or con- 
sistency of gear lubricants is perhaps a more impor- 
tant point than is frequently realized by those sell- 
ing the product as well as those responsible for its 
use. Where the transmitted pressures are high or 
there are shock loads, then one must consider the 
use of extreme pressure lubricants. Regardless of 
conditions, lubricants should not cause any buildup 
on the working surface of the gear. An open gear 
lubricant should provide a film which adheres to the 
rubbing surface, covers the working area, and which 
will have sufficient strength to prevent metal to 
metal contact. It is frequently true that the sur- 
faces of gear teeth are not too smooth, and that the 
actual area of contact is much less than is apparent 
from the rubbing or sliding surfaces. It is a com- 
mon conception, therefore, that if the lubricant 
contained solid materia! the latter substances would 
fill the minute voids and thus bring about greater 
areas of contact. This idea for a gear compound 
usually involves the use of graphite, molybdenum 
disulphide, metal oxide, mica, powdered metal and 
talc. The indiscriminate use of these solid mater- 
ials can lead to trouble unless the user is aware of 
the factors involved. Therefore some discussion of 
them will be appropriate here, while at the same 
time any intent to detract from their properly ap- 
plied properties is specifically disclaimed. 

It should be borne in mind that the vast majority 
of lubricating oils and greases have specific gravities 
lower than water, while graphite has twice that of 
water and most of the others are still higher. Graph- 
ite, due to its plate-like structure, has a tendency 
to slip or move in any oil in which it is suspended, and 
hence this results in separation. Graphite in almost 
any form, when used in a gear lubricant, should be 
less than 4% of the volume of the product. Less 
than 1% is perhaps even better. There are many 
grades of graphite with respect to texture, hardness, 
and purity, and its proper use, therefore, involves a 
field of study by itself. 

To be sure, all of the products mentioned have 
perhaps at fometime aided temporarily in open gear 
lubrication, but it must not be assumed that if one 
of these products was helpful in a particular instance 
that it would be satisfactory under all conditions. 
If it is necessary to supplement lubrication with one 
of these solids then it should be used intermittently. 

Perhaps the best way to use colloidal graphite 
or molybdenum disulphide is to apply it directly to a 
new gear or used gear which has been thoroughly 
cleaned. These aids can be applied dry or better 
suspended in a quick drying solvent using a brush or 
spray. 

Viewing the problem of open gears purely as one 
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of fluid film lubrication, it seems that it would be 
best to obtain gear protection by the use of a product 
which in reality contains no solids when in service. 
A lubricant composed of a homogeneous fluid and 
which would present a tough elastic film would be 
best. A film that is not ruptured by high pressure 
will provide against metal to metal contact, and also 
tend to increase the rubbing or sliding area. Prod- 
uts of this latter type reduce the risk of abrasion 
and build-up. Gear failure may be attributed to the 
lubricant, but there are cases where metal fatigue 
and metal flow may take place without rupture of 
the lubricating film. 

Much of the trouble experienced in the applica- 
tion of a lubricant can be overcome if attention is 
given to the temperature at the time of application. 
it has been well established that much time can be 
saved by proper handling of the product. 

It can be generally assumed that the more 
difficult a product is to apply through any type of 
pressure system, the more difficult it is to squeeze 
or force out, while in service. 

Unfortunately, open gear lubricants as a group, 
follow no general pattern with regard to fluidity and 
consistency. There is no standard test procedure 
which can be used on all products, since the various 
methods in use are limited in their scope. Hence it 
is difficult to predict how a pressure system will 
handle a material. 

If it is necessary to apply a product heavy in con- 
sistency, then the equipment must be designed for 
the proper flow of the lubricant. If it is desired to 
use a material which has adhesive qualities and poss- 
ibly cohesive properties, then you must bear in mind 
that such a lubricant will adhere to the tubing, valve, 
gun, or any device used to convey the product. 

In the use of open gears, we have problems 
similar to those applying to many other phases of 
lubrication. Most of these problems must be 
treated as individual cases. The conditions under 
which the product must be used with reference to 
temperature, contamination, and means of applica- 
tion must be considered. If a heavy viscous or 
grease like lubricant is used, it is evident that it 
should not be stored where the product would be 
subjected to low temperatures. Many products 
such as greases, lubricating compounds, waxes, 
petrolatums, and fats, do not become fluid at the 
same temperature at which they solidify, and as a 
class they are poor conductors of heat. A drum of 
grease, once it has been cooled below its channel 
point, must be exposed to warm conditions for a 
long period of time before the lubricant will appear 
normal at 77 F., the temperature at which the con- 
sistency is usually judged. In all probability the 
product will have to be heated above 77 F., agitated 
slightly and then cooled, to determine its normal tex- 
ture at 77 F. A safe rule to follow when heating 
lubricants, and other petroleum products, is never 
to apply direct heat. The source of heat should be 
uniform and less than 300 F., and the practice 
should be one of using more time and less heat. 


If a lubricant is cold and consequently thick and 
viscous, the usual procedure is to apply sufficient 
heat to warm the product in the shortest possible 
time. This treatment can result in carbonization of 
the inside walls of the container holding the lubri- 
cant or on the heating element, if inserted in the 
product. The surface temperature of a steam heat- 
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ing coil or an electric heating element should be 
known before placing it in an oil or grease. 

Heat applied to heavy, viscous materials does 
not readily create convection currents, hence ex- 
cessive localized heating is probable. If possible, 
when a lubricant is heated, mechanical agitation 
should be provided. Most petroleum base greases 
and compounds are what might be termed semi- 
finished and are not stable under all conditions. 
Many important characteristics of lubricants are due 
to this semi-finished condition. The method of 
manufacture of many lubricants determines the 
qualities of the finished product. !t is possible to 
use the same ingredients in the manufacture of a 
lubricant and by two different procedures in the 
same type mixer, obtain greases which do not re- 
semble each other. The physical and chemical prop- 
erties of many lubricants are the result of the 
manufacturing method. Hence in service these 
products may change, due to heat, age, pressure, 
contamination and other conditions. 


In considering greases from the angle of consis- 
tency or behavior at the temperature of application, 
attention should also be given to external heat which 
may cause the gear to operate at a high temperature. 
To avoid trouble, a conservative rule to follow is to 
remember that compounds composed largely of 
petroleum oils, as mentioned before, should not be 
subjected to temperatures above 300 F. Even at 
this figure there are many applications which must 
be closely watched and all lubricant removed at fre- 
quent intervals. If petroleum oil is used as a con- 
veyor of solids, a further reason for cleaning the 
gears at regular intervals is apparent. It appears 
that in addition to careful maintenance with regards 
to the lubricant, it is advisable, if possible, to pro- 
vide suitable mechanical equipment which will aid 
in controlling the operating temperatures. 


Much progress has been made in spraying lubri- 
cants on open gears. Centralized lubricating systems 
have been developed which handle gear lubricants 
effectively and have many economic advantages. In 
a system of this kind, the consistency-temperature 
relationship of the lubricant is an important factor 
since it governs the effectiveness with which the 
material can be pumped and sprayed. The actual 
application is dependent upon nozzle design and the 
distance the lubricant must travel to reach the gears. 
Any type of spray system must be tailored to the 
available air pressure. All portions of a pressure 
system, be it a single gun or one with many outlets, 
must be large enough so that the desired quantity of 
lubricant will flow with the available amount of 
pressure. When spraying lubricants of fairly heavy 
consistency and good adhesive properties, the prob- 
lem of nozzle drip is sometimes annoying. This can 
be controlled by a system which prorates the amount 
of air to the amount of lubricant. The flow of air 
precedes the lubricant and continues after the lu- 
bricant is cut off. 


While on the subject, it is well to mention that 
tubing containing copper is not desirable for grease 
in general, especially if the lubricant remains in the 
copper or brass sections for a period of time and if 
subjected to relatively high temperatures. Many 
designers of equipment for the application of lubri- 
cants are trying to avoid the use of copper and brass. 

There are applications where a lubrication sys- 
tem should serve both gears and bearings. Progress 
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is being made in adapting lubricants to such a sys- 
tem. It may be necessary to compromise, but if 
careful consideration is given to all the factors, it 
appears possible in many instances to find a solution 
to a problem of this kind. 


An important problem in open gear lubrication 
is that of contamination of the lubricant with dust, 
dirt or particles of the materials which are being 
processed. This condition is frequently partially 
controlled by the use of a compound which provides 
a non-tacky and semi-hard finish. Dust or foreign 
solids do not adhere to such surfaces as readily as 
they do to the soft texture of many greases. Situa- 
tions of this kind can also be partially controlled by 
the amount of lubricant which is on the gear teeth. 


Another approach to this problem is apparent in 
a trend by lubrication engineers and maintenance de- 
partments, toward protecting open gears ‘rom sur- 
rounding dust and dirt by mechanical means. Such 
measures might be considered as needlessly expen- 
sive, but it is well established that mechanical in- 
stallations that will eliminate contamination of the 
lubricant on open gears return their cost many times 
over, in lowering gear wear and consequent replace- 
ment. Such protection reduces the cost of labor in 
applying a lubricant and lengthens the life of both 
the lubricant and the gear. 

To illustrate this, in a mill where contamination 
of open gear lubricants was a serious problem, the 
gears were protected with a sheet metal! housing into 
which clean compressed air was blown. This created 
an outward flow of air and kept the gears from being 
contaminated |v the surrounding dust. Washing 
gears with clea. water is possible, if « lubricant is 
used that functions in the presence of water and has 
a density greater than water. Other methods of re- 
tarding contamination are possible, and it is evident 
that many of them aid greatly in more economical 
lubrication. 

There appears to be a tendency among pur- 
chasers of open gear lubricants to demand that the 
material be low in cost as was formerly the case. 
Viewing the subject in the light of present day costs, 
it appears logical to keep in mind that gears cost 
more today and are frequently difficult to obtain. 
Obviously, better lubricants will be more economical 
in the long rur. but such products will naturally be 
higher in price, Lubricant manufacturers, like all 
types of industry, have increased the efficiency of 
manufacture, but today there are many other factors 
which enter into the cost of any manufactured prod- 
uct. Hence the price of lubricants has increased due 
to conditions beyond the control of lubricant manu- 
facturers. The consumer of open gear lubricants 
should likewise remember that the manufacture of 
improved products will assist him in reducing his 
total cost of lubrication, therefore the initial cost 
per pound of an open gear lubricant is not the decid- 
ing factor, but rather what is the total cost of oper- 
ating the open gears. 

It has been our experience, that open gear life in 
industry has been increased many fold, especially 
where pressures are high with a consequent drop in 
gear replacement cost, by the intelligent application 
of modern gear shield type lubricants. This is partic- 
ularly true of those gear shield lubricants having the 
proper E.P. additives. Proper implies additives that 
give lasting film strength beyond the inherent film 
strength of the petroleum phase. 
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In recent months there has been a sharp focusing 
of interest on bearings that are lubricated with air. 
This interest is centered around the two major ad- 
vantages of the use of air; the first, freedom from 
contamination by the lubricant, and the second, low 
friction. 

It is rather obvious that if air is substituted for 
oil or grease in a bearing, the danger of dripping, 
soiling or contamination by the lubricant is com- 
pletely eliminated. This is important in many ap- 
plications dealing with food processing machinery, 
thread and textile machines and in the chemical in- 
dustries. We will not be concerned here with this 
aspect of air-lubricated bearings. Rather, it is our 
purpose to describe the unique and sometimes amaz- 
ingly low friction properties of these bearings. We 
then plan to establish methods for the quantitative 
analysis and performance prediction of these bear- 
ings, based upon the fundamentals of fluid dy- 
namics. 

Air lubricated bearings are presently used over 
wide ranges of speeds, from very low to as high 
as 80,000 to 100,000 rpm. They have been designed 
as both journal bearings and thrust bearings and 
have been lubricated by the normal hydrodynamic 
action of air or by the hydrostatic introduction of 
air to the bearing at elevated pressures. A consid- 
erable variety of designs is available to satisfy the 
needs of almost any type of application, producing 
low-friction bearings with reasonably good load- 
carrying capacities. Certain designs have also been 
used for the primary purpose of maintaining ex- 
tremely close running tolerances between machine 
elements. Other designs have been developed to 
measure vanishingly small pressure differences, as 
low as 0.0004 inches of water. 

This all began many years ago near the end of 
the seventeeth century. It was then that Sir Isaac 
Newton conducted his great series of experiments’. 
One of these experiments was concerned with the 
resistance to motion of two concentric cylinders, 
when one cylinder was turned relative to the other, 
both being submerged in a liquid. Newton observed 
that for a constant temperature the frictional force 
was proportional to the relative speed of rotation, 
and to the swept area and inversely proportional to 
the radial clearance space between the cylinders, 
providing that this clearance space was small. (1): 
F — kA (v/h). The constant of proportionality ‘*k”’ 
depends upon the liquid and is now recognized as 
the absolute viscosity u (mu). This equation (1) 
may be written as (2): F = u A (v/h). As applied 
to a journal bearing of length “‘l’’ and radius “‘r,”’ 
*Revision of a paper presented before the New York Academy 
of Sciences, January 16, 1953. 


298 


“A” becomes 2 x rl, v becomes r and the friction 
torque or moment M = F xr, M = u2arl (or/h) r, 
(3): M = (2zr3luw)/h. Where “w’’ (omega) is the 
angular velocity in radians/sec, and “h’”’ is the radial 
clearance in the bearing. 


Albert Kingsbury® and others have demonstrated 
the accuracy of equation (3) when applied to air 
lubricated bearings. Kingsbury experimented with 
a bearing 6 inches in diameter, by 6% inches long 
in which was placed a short length of shaft weigh- 
ing 50.5 Ibs. Radial clearance about 0.0008”. The 
load was carried without difficulty at shaft speeds 
above 250 rpm. Kingsbury measured coefficients 
of friction as low as 0.001. Equation (3) can be 
used for air lubrication even when the bearing is 
carrying a moderate load of a few Ibs. per square 
inch, as long as a laminar flow condition prevails in 
the film. This is generally true if Reynolds number 
(vD/v) for the film is less than 2000. v(nu) is the 
kinematic viscosity of air; v is the surface velocity of 
the shaft; D is the air film thickness. Example: A 
bearing 3” diameter by 4” long running in atmos- 
pheric air at a speed of 1800 rpm and with a dia- 
metral clearance of 0.002” would have a friction 
torque as indicated by equation (3). Viscosity of air 
at atmospheric conditions is 0.018 centipoises or 
1.45 x .018 x 107 Ibs sec/in® (Reyns). M = 2x 
ax 1.5° x4x1.45~x.018 x 1077 [(1800x/ 60) 2x]/ 
.001; M = .042 in Ibs; Frictional horsepower loss 
in this bearing = 2xMN/12x33,000 = 2x x .042 
x 1800/12 x 33,000 = (1/840) HP. An evaluation 
of the Reynolds number for the air film in this bear- 
ing would show: R = [(1800/60) x a x 3] x 
.001/.0232, where the kinematic viscosity of air 
at atmosphere conditions is .0232 (in*/sec). R = 
12.2 which is much less than 2000, the value of 
Reynolds number which is usually considered as in- 
dicating the threshold of turbulent conditions in 
fluid flow. This value was originally determined 
by measuring flow in pipes. Recent unpublished 
experiments on journal and thrust bearings show 
that the critical Reynolds number for bearings may 
be closer to 1000 or even a little less. 


Surprisingly enough, first quality air lubricated 
journal bearings may be purchased very inexpen- 
sively at the corner drug store! The dry hypodermic 
syringe is actually an excellent journal bearing cap- 
able of running extremely well with air as a lubri- 
cant®. Brubach has used these syringes as bearings 
for small centrifugal blowers running at 6000 rpm. 
Fig. 1. Perhaps his most spectacular application has 
been in the measurement of gas leaks at very low 
pressures. Fig. 2 shows the apparatus used for this 
purpose. The plunger of the syringe is caused to 
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rotate by air impinging upon scotch tape vanes. Due 
to this rotation, the plunger acts as an air bearing 
and is separated from the barrel by a hydrodynamic 
air film. Since the surfaces are separated by an air 
film the force that is then required to move the 
plunger along the axis of the barrel actually ap- 
proaches zero. Any slight change in the pressure of 
the line connected to the barrel will therefore pro- 
duce an instantaneous axial movement of the rotat- 
ing plunger. As an illustration of the sensitivity of 
this apparatus, it was connected to a tank of 100 
liter capacity. Then 0.1 cubic centimeter of air 
was introduced into the tank. Immediately the 
plunger moved a corresponding 0.1 cubic centi- 
meter. The theoretical pressure increase resulting 
from the injection of 0.1 cc into 100 liters is about 
.0004 in H:0 or 0.01 mm of water and yet the low 
friction of the rotating plunger permitted it to re- 
spond instantly to this exceedingly small pressure 
differential. 
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Fig. 1 (top) Centrifugal blower using hypodermic syringe as 
air-lubricated bearing. 


Fig. 2 (bottom) Sensitive pressure-measuring apparatus using 
hypodermic syringe as air-lubricated bearing. 


Where thrust type loads are encountered in ma- 
chines and mechanisms, air can be frequently used 
as the lubricant. Fig. 3 shows a model of a Kings- 
bury type thrust bearing that runs very nicely on air. 
When the runner is turning the pivoted shoes tilt 
automatically until they develop a wedge-shaped 
film of air between the shoes and the runner, suffi- 
cient to carry the applied load. The runner in the 
model weighs 4 Ibs. and there are 3 shoes, each ap- 
proximately 1/2 inches square. Spinning the runner 
by hand provides more than enough velocity to 
support this load. Based on the hydrodynamic 
theory an average value for the minimum film thick- 


ness under the shoes is (4):h, = \/ (.066uv |) /Pavg, 
where is the absolute viscosity, v is the mean 
linear velocity of runner, | is the length of the shoe 
in the direction of motion, Pavg is the average load- 
ing pressure, and the corresponding friction force 
would be (5): F = (.75 » b | v) /h, where b is the 
width of the shoe. For the model, with an average 
speed of 350 rpm, b = | = 1.5”, mean shoe radius 
1.75", viscosity of air = .018 centipoise — 1.45 x 
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.018 x 10-7 reyns (Ib. sec/in?), v = 350/60 x 21x 
1.75 = 64.1 in/sec., area of 3 shoes 6.7 in’, Pavg 
= W/area = 4/6.7 = 0.6 psi. In equation (4): h, 
= V.066 x 1.45 x .018 x 10°? x 64.1 x 1.5/0.6, hy 
= 0.00017 inches. The corresponding friction 
force, from equation (5), F = .75 x 1.45 x .018 x 
10-7 x 1.5 x 1.5 x 64.1/0.00017, F = 0.00166 lbs. 
per shoe, and the resultant coefficient of friction 
“f,”’ based on a mean shoe radius of 1.75”: f = 
F/W = .00166/ 4/3 = .00125. Tests conducted 
on this model, measuring the rate of slowing down, 
give a value for the overall coefficient of friction, 
including windage, of approximately 0.002. 





Fig. 3 Model of air-lubricated Kingsbury thrust bearing. 
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Fig. 4 (left) Elements of a hydrostatic step bearing. 


Fig. 5 (right) Air-lubricated step bearing on ultra-centrifuge 
(Courtesy of The Sharples Corp.). 


When it may be desirable to carry the imposed 
thrust load and separate the bearing surfaces at all 
times by a film of air whether there is bearing rota- 
tion or not, it is possible to introduce air hydrostat- 
ically under pressure. Fig. 4 shows the arrange- 
ment of elements in such a bearing, called a “‘step”’ 
bearing. Equations 6, 7 & 8 based on the funda- 
mentals of hydrodynamics permit the evaluation of 
supply pressure, P,, volume of flow Q, and friction 
torque, M. These equations are derived in Ref. 4. 
(6): W = P,2/2 [R? — R,?/In (R/Ro)], (7): Q = Poa 
h?/6 uw In (R/Ro), (8): M = 2aum/ho (R74. — 
R,*/4). 

Fig. 5 depicts an interesting application to an 
ultra centrifuge where the vertical load is supported 
on an air step bearing and the rotor is spun by air 
jets. This unit operates at a speed of approximately 
80,000 rpm. The friction is so low that once the 
case is evacuated, and the driving air supply shut 
off, the rotor will continue to spin for many hours 
before coming to rest. With R = 3/8”, Ro = 
11/32”, effective weight 1.86 lbs., shaft diameter 
1/16”, and subtracting the shaft cross-sectional area 
from the load-carrying area of the bearing, in equa- 
tion (6), 1.86 = Py x /2 [(3/8)? — (11/32)?/In 
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1.091) — P, [a (1/16)?/4], Po, = 4.62 psi. Ac- 
tually 5 psi is used on this step bearing. 


A very interesting model was built by the Sperry 
Gyroscope Co. to demonstrate the low friction prop- 
erties of air lubricated bearings. This model con- 
sisted of a steel ball 6 inches in diameter supported 
inacup. Fig. 6 supplies details of the construction. 
Calculations of air pressure and volume required 
using equations (6) and (7) were completely sub- 
stantiated by experiment. They were P, = 2.1 psi 
and with h, = .001 inches, Q was 0.02 cfm. The 
friction was so low that once the ball was started 
spinning, it continued to rotate for hours. In reality 
it became a ball, freely suspended in space, turning 
without friction. 


Hydrostatic lubrication itself generally leads to 
very low coefficients of friction, even with oil. A 
rather striking example is that of the Hale telescope 
on Mount Palomar, where the overall coefficient of 
friction, using a medium viscosity oil, is 0.000004. 
This telescope, weighing about one million pounds, 
is rotated by a 1/12 hp clock motor, which actually 
supplies more power than is required’. 


A recent design for an electrical dynamometer 
with a cradle weighing 1300 pounds’, reports a 
coefficient of friction 0.00000075. Actually this is 
zero for all practical purposes—and was obtained 
with oil. Air under similar conditions would intro- 
duce even less friction. 

It should be emphasized that the equations set 
forth are based upon the hydrodynamic theory of 
incompressible liquids and for greatest accuracy 
should be used with air only if the pressures in- 
volved are not greater than several pounds per 
square inch. Where greater loads are carried and 
unit pressures are higher the analysis should include 
the compressibility effect, since there may be signifi- 
cant changes in volume with these higher pressures 
as the air passes through the bearing. 

To demonstrate how this may be done, equation 
(7) tor a hydrostatic thrust bearing has been rede- 
rived, including this effect of compressibility. The 
dervation is given in Ref. 7. (9): V, = a h,’/6 
uln R/R, (Po? — Pi2/2P.), where In R/Ro is the lo- 
garithm or R/R, to the base e, V, is the volume of 
flow at inlet conditions, P, is the absolute pressure 
of the inlet air and P,; the absolute pressure of the 
air at the exit. All other terms correspond to those 
of equation (7). Some experimental work is being 
done at Columbia University on this type of air- 
lubricated bearing as shown in Fig. 4. With R = 3 
inches, R, = 1 inch, h, the film thickness = 0.0015 
inches, P, the supply pressure = 30 psi gage or 44.7 
psi absolute, and P; the ambient pressure, room pres- 
sure or 14.7 psi absolute, depth of recess 0.02 
inches. At the time the data were taken the bear- 
ing was supporting a load of 375 pounds and the 
flow of air was measured as 2,440 cubic inches per 
minute of free air (standard pressure and tempera- 
ture). With pressures this high, the equations such 
as 6, 7 & 8 should not be used as the compressibility 
of the air makes them inaccurate. For example, 
using equation (7): Q = 30 x 1x .0015*/ 6x .018 x 
1.45 x 1077 x In 3, Q = 18.5 in®/sec, or Q = 18.5 x 
60; Q = 1,110 cubic inches per minute. Using the 
same data in equation (9) which allows for the 
compressibility action, V, = a x .0015°/6 x .018 x 
1.45 x 107 In 3 (44.7? — 14.7?/2 x 44.7); Vo = 
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12.3 cubic inches per second, which when con- 
verted to its corresponding volume of free air is: 
Vi P, aS Vo Po, or Vi = Vo (Po/P3), Vi = 12.3 x 
44.7/ 14.7 = 37.4 cubic inches per second, or V; = 
2,244 cubic inches per minute. Thus equation (9) 
serves as an excellent estimate of the actual flow 
which was measured as 2,440 cubic inches per 
minute. 
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Fig. 6 (top) Details of step bearing for steel ball (Courtesy of 
The Sperry Gyroscope Co.). 


Fig. 7 (bottom) Air bearing design of Gottwald & Vieweg 
(Courtesy of Zeitschrift fur Angewandte Pysik.) . 


Some further considerations regarding air-lubri- 
cated bearings may be found in a recent German 
paper®. Fig. 7 is taken from that paper and shows 
a conically shaped bearing supported by air under 
hydrostatic pressure. The air is supplied through 
the circumferential groove at the middle of the 
bearing or through a belt of holes at the same loca- 
tion. This is in reality an elaboration of the step 
bearing described earlier. Before, with the simpler 
design, the air flowed only radially outward. With 
the design shown in Fig. 7 the air flows both out- 
ward and inward. The authors have tested this and 
similar bearings and report good correlation between 
theory and measurement. 

It should be obvious that air-lubricated bearings 
can be constructed in a number of forms to match 
the peculiar operating demands of a wide variety of 
applications. Air bearings have certain major ad- 
vantages for many types of work. Within their 
limitations then they do represent a relatively new 
solution to the general problem of bearing design 
and analysis. 

It is hoped that this paper has been able to make 
manifest the principles underlying this develop- 
ment, and perhaps point the way to further uses and 
application. Our experience has already indicated 
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that the range of application of air lubrication, is 
limited only by the vision and imagination of the 
designer. 
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MONTREAL: October meeting — 
Presentation of section’s charter 
to Section Chairman A. E. Bow- 
den, Steel Co. of Canada, Ltd., by 
W. C. Campbell (ASLE President), 
Bell Telephone Laboratories, after 
which Dr. Campbell presented a 
paper entitled Solid Lubrications. 
(Submitted by F. J. Pearce, Sec’y- 
Treas.) 


PHILADELPHIA (Supplement to 
Feb. '53 LE): For the second con- 
secutive year, a helpful seminar 
on industrial lubrication engi- 
neering was sponsored by the 
Philadelphia Section, with mem- 
bers of the Educational Commit- 
tee as follows: C. R. Schmitt, E. F. 
Houghton & Co., Chrmn.; M. Pe- 
tronio, Frankford Arsenal; J. L. 
Beatty, L. R. G J. L. Beatty Co.; 
S. F. Wedemeyer, Esso Standard 
Oil Co.; J. H. Fuller, E. 1. duPont 
deNemours Co.; W. E. Rigot, U.S. 
Steel Corp.; and L. W. Miller, 
Scott Paper Co. Held February 
10 through March 10 (on consec- 
utive Tuesdays) at the Bellevue- 
Stratford Hotel, the seminar in- 
cluded detailed explanations and 
instructions on such subjects as 
lubricant dispensing equipment, 
planning and installing complete 
lubrication maintenance pro- 








grams, theory and application of 
drawing compounds and cutting 
oils, and other allied subjects. In- 
structors for the course were in- 
dustrial lubrication engineers and 
specialists with long practical ex- 
perience, the closing meeting fea- 
turing a panel discussion session 
in which experts answered any 
unusual lubrication application 
problems. Certificates of at- 
tendance and bound copies of in- 
struction data were presented to 
those attending (39). To partial- 
ly defray expenses, a nominal fee 
was Charged for registration, with 
the major portion of costs ab- 
sorbed by the Section. (Submitted 
by C. R. Schmitt, Chrmn., Educa- 
tional Committee.) 


BALTIMORE: September meeting 
—H. O. Moffett, Pedrick Piston 
Ring Co., presented a paper en- 
titled A Discussion Of The Evolu- 
tion, Design, Selection & Lubrica- 
tion Of Piston Rings. 

October meetinz—T. W. Lang- 
er, Carbide & Carbon Chemicals 
Co., presented a paper entitled 
Some Industrial Experiences With 
Synthetic Lubricants, abstracted 
as follows: 

“During the past decade _in- 
creasing use has been made of 
synthetic lubricants from a variety 
of special, man-made molecules, 
including polyalkylene glycol de- 
rivatives, diesters, silicons, and 
flourocarbons. These materials 
differ considerably among them- 
selves and from petroleum lubri- 
cants with regard to physical and 
chemical characteristics. Of the 
various synthetic types, the poly- 
glycol derivatives are probab'y 
most widely used in industry be- 
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cause of their suitability and ver- 
satility. 

‘Several years of practical ex- 
perience have demonstrated that 
outstanding results in many indus- 
trial applications are associated 
with distinctive qualities of poly- 
glycols. Case records illustrate 
examples involving high tempera- 
tures, low temperatures, heavily 
loaded gears, metal working, 
molding operations, compressors, 
vacuum pumps, internal combus- 
tion engines, solvent action, hy- 
draulic fluids, and other condi- 
tions. The use of synthetic lubri- 
cants is often economically justi- 
fied by improved operation of me- 
chanical equipment or by substan- 
tial reduction in maintenance ex- 
penses, compared to conventional 
lubricants. The introduction of 
new machines and the _ trend 
towards greater efficiency will 
undoubtedly further the utiliza- 
tion of synthetic lubricants.”’ 

November meeting—A plant 
inspection trip thru Consolidated 
Gas & Electric Co., with emphasis 
upon application of a lubrication 
program to mechanical and elec- 
trical equipment. (Submitted by 
W. W. Witmer, Sec’y-Treas.) 


BOSTON: October meeting — 
W. E. Campbell (ASLE President), 
Bell Telephone Laboratories, pre- 
sented a paper entitled Fretting 
Corrosion. ASLE lapel pins and 
leather pocket secretaries were 
presented by A. E. Baker to J. R. 
Clarke, Jr., and A. S. McNeilly 
in appreciation of their services 
at the Boston Annual Meeting. 
November meeting — E. L. H. 
Bastian, Shell Oil Co. (New York), 
presented a paper entitled Cutting 
Fluids. (Continued on page 322) 
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ELECTROGRAPHIC 
SPOT TESTING 
OF BEARING SURFACES* 


by A. E. Roach & A. O. DeHart 
Genera! Motors Corp. 
Research Laboratories Div. 
Detroit 2, Mich. 











It has been said, “‘One of the most useful sources of 
engineering information is the scrap heap.’’ Cer- 
tainly a great deal can be learned about bearing de- 
sign from the inspection of used bearings. Fatigue 
patterns, dirt tracks, eroded areas, burnished areas, 
varnished areas — these give valuable clues regard- 
ing many matters of concern to bearing designers 
and lubrication engineers. Even the backside of a 
bearing may have an important story tc tell. 


There are, however, a number of questions that 
cannot be settled by visual examination. The eye, 
for example, sees a pebbly pock-marked surface. Is 
it the result of erosion or of grit? The eye sees 
blackened areas. Are they deposits of carbon or 
the result of sulfur corrosion? These are questions 
that the visual observer cannot answer. There are 
many such questions. They may concern the com- 
position of a bearing alloy, or the segregation of the 
constituents, or the porosity of an overlay, or the 
identification of embedded particles. The determin- 
ation of these questions generally requires elaborate 
chemical or metallographic or spectrographic study. 

The purpose of this paper is to describe a simple 
technique — electrographic spot testing — which 
provides reliable answers to such questions. It is a 
completely straight-forward technique, requiring no 
highly trained personnel or elaborate equipment. It 
is quick; it is non-destructive; and it provides a per- 
manent record. It will, for example, not only iden- 
tify embedded particles; it will also show how 
many ot them there are, what are their relative size, 
and exactly where they are located. For many pur- 
poses, it yields results as good or better than those 
obtained by radioactive techniques, but without the 
complications attendant upon handling radioactive 
materials. This combination of simplicity, rapidity 
and reliability makes electrographic spot testing an 
extremely useful tool for studying bearings. 

DEVELOPMENT OF SPOT TESTING METH- 
ODS: Spot testing is as old as the practice of 
analytical chemistry. In its simplest form, it involves 
merely the preparation of a solution of the ma- 
terial to be identified and the identification of the 
dissolved material by means of a reagent which 
gives a characteristic color indication. The test is 
conclusive if the color indication is specific for the 
material; otherwise check tests must be made with 
other reagents to eliminate the possibility of similar 
color indications which may be caused by interferr- 
ing materials. Tests of this kind have long been 
used for identifying bearing white metals. Some 
*Sponsored by the ASLE Technical Committee on Bearing Lubri- 
cation, and presented at the ASLE 8th Annual Meeting, Boston, 
April 14, 1953. 
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typical tests are given in Table |}. 

The limitation of simple spot testing is that it is 
suitable only for identifying materials. Where the 
material to be studied is non-uniform, and it is de- 
sired to study both the composition and distribution 
of the constituents, a refinement is required in 
analytical methods. This was provided by the 
“Chemical Contact Print Method’? of Baumann 
(1906).1_ The method uses paper or other inert 
absorptive material which is moistened with a dis- 
solving agent. This moistened paper is pressed 
into contact with the surface to be studied. The 
dissolving agent attacks the surface, producing sol- 
uble products which diffuse into the paper. Color 
reactions are then carried out on the paper, and the 
distributive pattern of inclusions and other non- 
uniformities is preserved. The method is capable 
of yielding excellent results in the hands of an ex- 
pert, but it is rather tricky to control, inherently 
slow, and subject to loss of distributive pattern due 
to lateral diffusion of the soluble products. 

An important improvement, applicable to sur- 
faces which are conducting and ionizable, was in- 
troduced by Glazunov (1929) .2 The improvement 
consists in the use of electrolytes instead of dis- 
solving agents and of electro-deposition instead of 
diffusion. Paper moistened with a suitable elec- 
trolyte is pressed between the material to be studied 
and an inert conductor such as aluminum or plati- 
num foil. Metal ions are then caused to migrate 
into the paper as a result of internal electrolysis or 
by making the material anodic and the backing con- 
ductor cathodic. Intimate contact between the 
various elements of the sandwich may be assured 
by the use of a piece of soft rubber behind the 
backing conductor, and the entire sandwich may 
be squeezed together under pressure in a vise or 
other clamping device. Prints are developed, as 
before, by the use of suitable reagents. The ad- 
vantages of the method are that it uses inert 
electrolytes and hence it is easy to control, that 
it is rapid — a finished print may be prepared 
in a few seconds — and hence lateral diffusion 
is minimized. Because the objective of the 
method is the exact reproduction of surface features 
in the form of a print, Glazunov called it the ‘‘Elec- 
trographic Method.”’ 

The earliest known application of Glazunov’s 
‘“Electrographic Method’”’ to the study of bearing 
surfaces was made by the late Maurice J. Mulligan 
(1900-1950) at the Research Laboratories Division 
of General Motors Corporation. His first bearing 
print (1936), showing iron particles embedded in 
a babbitt bearing, used filter paper with potassium 
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nitrate as the electrolyte and potassium ferrocyna- 
nide as the reagent. 

APPARATUS FOR SPOT TESTING BEARINGS: 
One of the virtues of spot testing is that it does not 
require elaborate apparatus. Satisfactory prints can 
be obtained with the following simple materials: 

(1) PAPER: Any good grade of white paper 
may be used for making bearing prints. Filter paper 
has been much used, but denser, less absorbent 
papers give clearer prints. The authors have ob- 
tained good results with so-called “‘second sheets”’ 
used for carbon copies. The sharpest prints are ob- 
tained with gelatin-coated papers such as the imbi- 
bition paper used for color transfer work in photog- 
raphy. Such papers tend to stick to the bearing 
surface and consequently must be peeled off care- 
fully to avoid skinning the print. Cellophane gives 
transparent prints which may be used as slides. 

(2) ELECTROLYTES & REAGENTS: The var- 
ious electrolytes and reagents that have been found 
to give satisfactory bearing prints are described else- 
where in the paper. These are available from chem- 
ical supply houses. Only a few ounces of reagent 
is needed for making a large number of prints, and 
since most reagents store well when kept in a cool 
dark place, they may be used over again if reason- 
able care is taken to avoid contamination. 

(3) BACKING MATERIALS: Aluminum foil, 
about 0.002 inch thick, is a satisfactory conducting 
backing. This may be backed up by a piece of soft 
rubber, about the same grade and thickness as an 
inner tube, or preferably by a piece of sponge rubber. 
The rubber backing permits the print to conform to 
small irregularities in the bearing surface. 








RUBBER PAD 
ALUMINUM FOIL 
IMBIBITION PAPER 
BEARING 





(4) BLOCKS: Wood blocks, shaped as shown 
in Fig. 1, are a convenient means of holding to- 
gether the various elements of the sandwich when 
making a spot test of an insert bearing. A separate 
set of blocks is needed for each size of bearing to be 
spot tested. In making the blocks, allow sufficient 
clearance between the semi-circular portions to con- 
tain the entire spot testing sandwich. 

(5) CLAMPING MEANS: Since most spot 
tests can be made in only a few seconds, the sand- 
wich may be held together under light pressure in 
the hands. While this method is satisfactory for 
most purposes, the best and sharpest prints are ob- 
tained when the sandwich is squeezed together un- 
der pressure. Several investigators have used an 
ordinary laboratory press as the clamping means. A 
bench vise is just as satisfactory. 
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(6) CURRENT SOURCE: While most mater- 
ials will give satisfactory prints by internal elec- 
trolysis, it will generally be desirable to use an ex- 
ternal current source. An ordinary 6-volt dry bat- 
tery is adequate for most purposes. 


(7) PANS: At least three pans are needed for 
chemicals — one for the electrolyte, one or more for 
the reagent or reagents, and one for wash water. 
The pans should be of glass, enamelware, or other 
inert material and should be large enough to ac- 
commodate the print papers. Photographic trays are 
very satisfactory. The pans should be thoroughly 


washed following each use to prevent contamination 
of the chemicals. 

If spot testing of bearings is to be carried out 
frequently, certain refinements of the above ma- 
terials will add to the convenience of the test. 











Fig. 2 (top left), Fig. 3 (second left), Fig. 4 (third left), Fig. 
5 (forth left), Fig. 6 (bottom left), Fig. 8A (top right), Fig. 
8B (second right), Fig. 8C (third right), Fig. 9 (fourth right) , 
Fig. 10 (bottom right). 


APPLICATION TO BEARING SURFACES: The 
following are some typical examples of the applica- 
tion of electrographic spot testing to bearing sur- 
faces. 

(A) IDENTIFICATION OF WHITE METALS: 
Electrographic spot testing provides a means of 
quickly identifying the constituents of white metals 
and other bearing alloys. Because of the great sen- 
sitivity of the available reagents, only a very small 
number of metallic ions need be removed from the 
bearing surface, and the test may therefore be said 
to be non-destructive. Considerable attention should 
be given to the selection of reagents that are specific 
for the metal sought and that do not give spurious 
color indications from interferring metals. In some 
cases, this means that several different reagents 
must be tried in order to eliminate possible spurious 
indications. 

Quantitative analysis of bearing alloys may be 
carried out electrographically if the procedure is 
standardized and if suitable calibrating specimens 
are available. In general, however, the electro- 
graphic method is most satisfactory as a means of 
qualitative analysis. 

(B) EMBEDDED PARTICLES: When used 
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bearings are examined, there are usually found em- 
bedded in their surfaces particles of foreign mate- 
rial. Electrographic spot testing provides a conven- 
ient means of identifying these particles and of 
studying their distribution and relative sizes. 

Fig. 2 is an electrographic print prepared from 
a lead-base babbitt bearing which contained a rela- 
tively small number of iron particles. These iron 
particles were worn from the journal by the abra- 
sive action of particles of road dust (largely sili- 
cates) embedded in the bearing. The iron particles 
were therefore the result rather than the cause of 
journal wear. No satisfactory electrographic test 
has yet been developed for silicates, but an esti- 
mate of the amount of silicates embedded in a bear- 
ing may be obtained by comparing the weight of a 
bearing before and after washing with hydro- 
fluoric acid. 

Fig. 3 is a print obtained from a lead-base bab- 
bitt bearing which had been operated for a short 
time with very dirty oil. The distribution of iron 
particles over the bearing surface is very dense, but 
individual particles can still be distinguished. This 
print may be compared with Fig. 4 which was ob- 
tained from a lead-base babbitt bearing that had 
been run for a considerable time on very clean oil. 
The hazed appearance of the print indicates that 
there has been some pick-up of extremely fine iron 
from the journal surface. The area of greatest iron 
density is the area of maximum load, and the individ- 
ual particles are so fine that they cannot be dis- 
tinguished. 

Fig. 5 is a print from a lead-base babbitt bear- 
ing that had been run in an engine for only twenty 
minutes on a break-in schedule. The iron particles 
are concentrated in longitudinal streaks correspond- 
ing to the extremely minute irregularities in the 
broaching tool used for finishing the bearing. In 
this case, fine abrasive particles, probably from 
honing the cylinders, became embedded in the bear- 
ing, and the iron streaks shown in the print are com- 
posed of particles of iron worn from the journal 
where it touched these embedded abrasive particles 
in the bearing. 


Fig. 6 is a typical print for iron obtained from an 
automotive connecting-rod bearing after approxi- 
mately 5000 miles of service under dirty operating 
conditions. The concentration of iron particles in a 
circumferential line at the edge of the oil holes is 
characteristic of connecting-rod bearings which are 
supplied with oil by means of a passage drilled 
through the crankshaft to the main bearing. Fig 7 
shows that abrasive particles entrained in the oil 
flowing from the main bearing to the connecting- 
rod bearing are acted upon by centrifugal force due 
to crankshaft rotation so that they flow along that 
part of the drilled passage farthest from the axis of 
rotation. They thus emerge from the drilled hole 
at the edge nearest the main bearing from which oil 
is being supplied. Once in the bearing, the particles 
are urged in the direction of the falling pressure 
gradient, the oil-film pressure distribution being 
such that the particles move from right to left in the 
figure. There is thus formed in the bearing a step 
which coincides with the edge of the oil hole in the 
journal. A matching step is found on the journal. 

Fig. 8 shows three iron prints taken from bear- 
ings which have been run in three identical engines. 
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Fig. 8A shows the effect of running under dirty 
conditions without a filter. Fig. 8B shows the 
effect of running under the same conditions with 
a by-pass filter. Fig. 8C shows the effect of run- 
ning under the same conditions with a full-flow 
filter. 


ABRASIVE PARTICLES 












MAIN BEARING ~ 











Oh INLET 
Fig. 7 

(C) POROSITY OF PLATED OVERLAYS: Many 
heavy-duty bearings are now made by electrodepos- 
iting a thin layer of soft white-metal alloy on copper- 
lead, silver, or other hard bearing material. The 
electrodeposited white metal may be coplated lead- 
tin or triplated lead-tin-copper. Such plated over- 
lays, as they are called, are made thin in order to ob- 
tain satisfactory fatigue durability and to obviate 
the need for final boring. In addition, the plated 
overlay protects the underlying bearing material 
from chemical attack by organic acids, sulfur com- 
pounds, and other corrosive materials in the oil. 
With extremely thin overlays, attention must be 
given to the porosity of the plating, because any po- 
rosity will permit corrosive materials to attack the 
underlying material. 

Fig. 9 is a print obtained from a plated bearing. 
The overlay was coplated lead-tin (90 Pb, 10 Sn) 
about 0.0002 inch thick deposited on copper. The 
bearing was spot tested for copper. The resulting 
print is positive, indicating considerable porosity of 
the lead-tin overlay. 


(D) BOND FAILURE OF PLATED OVERLAYS: 
Bearing failures caused by poor bond were at one 
time frequently reported, but it is now known that 
many of these so-called bond failures were really 
fatigue failures of thick babbitt. Wéith thin plated 
white-metal overlays, bond failure appears to be 
very rare. The authors have encountered only one 
instance of bond failure of an overlaid bearing. An 
electrographic print for lead taken from this bear- 
ing is shown in Fig. 10. The area of bond failure 
is in the heavily loaded portion of the bearing 
around the oil hole. A smaller area of bond failure 
is shown in the lower left corner of the print. No- 
tice also the circumferential line from which the 
overlay has been abraded by abrasive particles at the 
edge of the oil hole. 


(E) METAL TRANSFER: Electrographic spot 
testing is frequently more convenient than radioac- 
tive techniques as a means of studying metal trans- 
fer between rubbing surfaces. Unlike radioactive 
methods, however, it can be used only when the 
rubbing surfaces are of dissimilar metals. 
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Fig. 11 shows a spot test of the tracks left by a 
hemispherically ended tin stylus sliding on an alu- 
minum plate. Track ‘‘A’’, which was made with a 
normal load of one-half pound, is typical of the 
metal transfer obtained with smooth sliding. Track 
‘““B”’, which was made with a normal load of 32 
pounds, is typical of ‘‘stick-slip’’ sliding. 

Fig. 12 is a print showing the relative amounts 
of metal transfer obtained with dry and lubricated 
sliding. Track “‘A”’ is the track made by a copper 
stylus rubbing on a dry steel surface, while track 
hea _ track made by the same parts flooded with 
lard oil. 
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Fig. 11 AGB (top left), Fig. 12 A&B (middle left), Fig. 13 
(bottom left), Fig. 14 (top right), Fig. 15 A, B, C, D (middle 
right), Fig. 16 (bottom right). 


(F) SEGREGATION OF ALLOYS: One of the 
most interesting applications of electrographic spot 
testing is found in studying the segregation of bear- 
ing alloys. For such work, electrographic prints 
are superior to ordinary metallographic prints, be- 
cause they permit positive identification of the 
segregated metal. For best results, the paper should 
be virtually dry to minimize lateral diffusion. If 
sufficient care is used, the print will be very sharp, 
and the resolution will be equal to that of a metallo- 
graphic print. 


Fig. 13 is an enlarged portion of an electro- 
graphic print showing segregation of a heavy metal 
in an experimental bearing alloy. The test surface 
was prepared by ordinary machining; preparation 
by polishing and etching may also be used but is not 
necessary. 


(G) CORROSION: Certain materials, notably 
silver and copper are susceptible to attack by active 
sulfur compounds used as oxidation inhibitors in 
lubricating oils. White-metal overlays are not at- 
tacked by sulfur, but if the overlay is broken through 
by fatigue cracks or dirt scratches, the underlying 
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material is exposed to sulfur attack. 

Fig. 14 shows an electrographic print for sulfide 
taken from an indium coated silver bearing. Wher- 
ever the indium coating has been scratched through 
by dirt particles, the silver has been exposed to at- 
tack by sulfur compounds in the oil. The silver sul- 
fide is reduced by cathodic action. 

(H) WEAR:  Electrographic spot testing is 
frequently a convenient means of studying the wear 
of protective platings. A typical example is shown 
in Fig. 15, which is a print obtained from a ball 
pocket of a silver-plated Monel S ball-bearing separ- 
ator. Fig. 15A is a spot test for silver, showing the 
absence of silver in the areas of high-load contact; 
Figs. 15B and 15C are spot tests for nickel and cop- 
per respectively, these metals being the principal 
constituents of Monel S; Fig. 15D is a spot test for 
iron, showing considerable transfer of iron as a re- 
sult of scoring of the steel ball on the Monel S. 

Fig. 16 is a print for tin obtained from a portion 
of a tin-plated piston skirt. Localized wear of the 
tin plate is shown by the vertical lines of low density. 


IDENTIFICATION TESTS FOR BEARING METALS 


A. Lead-Base Bearing Metal 
1. Clean bearing surface with acetone. 
2. Place one drop of 50 per cent glacial acetic acid on 
bearing surface. 
3. Add one drop of 10 per cent potassium iodide. 
4. Yellow reaction indicates lead-base bearing metal. 
B. Tin-Base Bearing Metal 
1. Clean bearing surface with acetone. 
2. Place one drop of 20 per cent hydrochloric acid on 
bearing surface. 
3. Add one drop of aqueous cacotheline. 
4. Violet reaction indicates tin-base bearing metal. 
NOTE: Almost all lead-base bearing metals contain some tin 
and will therefore give a slight violet reaction with Test B. 
Table | 


SPOT TESTS FOR VARIOUS MATERIALS: In 
the following condensed catalog of spot tests for 
various materials, interferring materials have been 
given whenever they are known. When interfer- 
ring materials are not given, the test should be 
checked against possible interferring materials to in- 
sure that the color indication is not spurious. 

(A) ARSENIC: Electrolyte, 5% potassium ni- 
trate; Reagent, silver nitrate; Color, red brown; In- 
terferring Materials, chromates, ferrocyanides, and 
ferricyanides. 

(B) BISMUTH: Electrolyte, 5% potassium 
nitrate, or 10% potassium iodide, or combination of 
both; Reagent, 10% potassium iodide; Color, 
orange; Interferring Materials, lead, mercury. 

(C) CADMIUM: (1) Electrolyte, paper 
soaked in freshly prepared alcoholic solution of 
diphenylcarbazide and then soaked in 5% potassium 
nitrate; Reagent, ammonia (either gaseous or in 
aqueous solution); Color, purple on pink back- 
ground; Interferring Materials, copper, lead, mer- 
cury. (2) Electrolyte, 5% potassium nitrate; Rea- 
gent, dilute solution of sodium sulfide; wash paper 
in dilute acetic acid to remove excess sodium sul- 
fide; Color, yellow; Interferring Materials, zinc and 
elements forming black sulfides. 

(D) CHORMIUM: (1) Electrolyte, paper 
soaked in 5% potassium nitrate and in acetic acid 
solution of diphenylcarbazide; Reagent, acetic acid 
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solution of diphenylcarbazide; Color, magenta 
(electrolyze for a few seconds only, because forma- 
tion of yellow potassium chromate may mask magen- 
ta color) ; Interferring Materials, mercury, molyb- 
denum, vanadium. (2) Electrolyte, aqueous solu- 
tion of 5% sodium nitrate and 5% sodium phos- 
phate; Reagent, diphenylcarbazide (magenta), 
benzidine (blue), silver nitrate (red), or lead ace- 
tate (yellow) ; Color, indicated above. (3) Elect- 
trolyte, 5% potassium sulfate or potassium nitrate; 
Reagent, 3% hydrogen peroxide; Color, yellow, 
changing to violet. 


(E) COBALT: (1) Electrolyte, 5% sodium 
fluoride; Reagent, saturated acetone solution of 
potassium thiocyanide; Color, blue; Interferring 
Materials, copper or nickel in large quantity. (2) 
Electrolyte, sodium carbonate; Reagent, 1% alka- 
line solution of dithiooxamide and ammonia; Color, 
brown; Interferring Materials, nickel (blue) and 
copper (black). 

(F) COPPER: (1) Electrolyte, 5% potassium 
nitrate or 5% Rochelle salts; Reagent, 5% ammoni- 
acal benzoin-oxime in alcohol; Color, green. (2) 
Electrolyte, 59 potassium nitrate; Reagent, 0.5% 
dithiooxamide in alcohol; Color, black; Interferring 
Materials, cobalt (brown), nickel (blue), silver 
(brown). (3) Electrolyte, 5% potassium nitrate; 
Reagent, 5% potassium ferrocyanide; Color, reddish 
brown; Interferring Materials, iron (blue). 

(G) IRON: (1) Electrolyte, 5% potassium ni- 
trate plus equal volume 5% potassium ferrocyanide ; 
Reagent, 5% potassium ferrocyanide; Color, blue 
(may be intensified by hydrochloric acid fumes) ; 
Interferring Materials, large portions of metal salts 
giving colored precipitates with potassium ferrocya- 
nide. (2) Electrolyte, 5% potassium nitrate; Re- 
agent, potassium thiocyanide; Color, red (may be 
intensified by hydrochloric acid fumes) ; Interferring 
Materials, same as above. (3) Electrolyte, 5% po- 
tassium nitrate; Reagent, 5% potassium ferrocya- 
nide; Color, blue (may be intensified by hydrochlo- 
ric acid fumes) ; Interferring Materials, chromium. 

(H) LEAD: (1) Electrolyte, 5% potassium sul- 
fate; Reagent, stannous chloride and potassium io- 
dide; Color, orange red, discoloring on standing; In- 
terferring Materials, bismuth. (2) Electrolyte, 5% 
potassium nitrate; Reagent, 10% potassium iodide; 
Color, yellow; Interferring Materials, bismuth and 
copper. (3) Electrolyte, 5% potassium nitrate; 
Reagent, 1% potassium chromate in normal acetic 
acid; Color, yellow; Interferring Materials, silver. 

(1) MAGNESIUM: Electrolyte, dilute sodium 
hydroxide plus sodium nitrate; Reagent, iodine in 
potassium iodide decolorized to lemon yellow with 
sodium hydroxide immediately before immersion of 
the paper; Color, dark reddish brown (fades on 
standing) . 

(J) NICKEL: Electrolyte, 5% potassium ni- 


trate; Reagent, 1% dimethylglyoxime in conc. 
ammonium hydroxide; Color, scarlet; Interferring 
Materials, iron, cobalt, large amounts of halogens 
and nitrates. 

(K) SILVER: (1) Electrolyte, 5% potassium 
nitrate or 5% potassium sulfate; Reagent, 5% po- 
tassium chromate; Color, brick red. (2) Electro- 
lyte, 5% potassium nitrate or 5% potassium sul- 
fate; Reagent, saturated acetone solution of 
p-dimethylaminobezalrhodanine; Interferring Ma- 
terials, mercury, gold, platinum, palladium, copper. 

(L) SULFIDES: Electrolyte, 15% lead acetate 
plus 10% sodium carbonate; Reagent, none; Color, 
brown to black, according to density of film. Note: 
The print is made by cathodic reduction (Reverse 
Polarity) . 

(M) TIN: (1) Electrolyte, soak paper in sod- 
ium phosphate-ammonium molybdate solution, blot 
dry, wet with 10% nitric acid, wash with tap water, 
and soak in potassium nitrate; Reagent, dilute am- 
monium hydroxide solution; Color, blue; Interfer- 
ring Materials, antimony, cobalt, vanadium, iron, 
chromates, copper in large amounts. (2) Electro- 
lyte, aqueous solution of cacotheline, acidified 
slightly with hydrochloric acid; Reagent, none; 
Color, violet; Interferring Materials, sulfides, thio- 
sulfates, antimony salts, vanadium. 


(N) ZINC: Electrolyte, 5% potassium nitrate; 
Reagent, dilute solution sodium sulfide (wash paper 
in dilute acetic acid) ; Color, yellow; Interferring 
Materials, cadmium and elements forming black 
sulfides. 

The above are only a few of the available tests. 
Additional tests may be found in Feigl*, Hunter, 
Churchill and Mears*, and Hermance and Wadlow’. 

No satisfactory electrographic tests are known 
for the metals aluminum, beryllium, and indium, or 
for refractory materials such as alumina and silicon 
carbide. 
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UNITS OF VISCOSITY 
AND THEIR CONVERSION 


by D. D. Fuller & P. L. Tea, Jr. 
Columbia University 
Dept. of Mechanical Engrg. 
New York 27, N. Y. 











Many years ago Sir Isaac Newton defined viscosity in 
very simple terms (“Principia,’’ London, 1686). He 
used two concentric cylinders, submerged in water, 
and revolved one inside of the other. If the radial 
clearance or film thickness is called “h,’’ and the 
swept area is called ‘“‘A’’, and the difference in linear 
velocities of the two surfaces is called AV, Newton 
observed that for a constant temperature, the force 
required to maintain motion and overcome the re- 
sistance to shear of the liquid was (1): F = K x 
A x AV/h, where K is a proportionality constant, 
peculiar to the liquid being used. This factor K is 
a characteristic constant for each liquid and is now 
recognized as the actual coefficient of viscosity or 
absolute viscosity of the liquid. It is identified by 
the Greek symbol " (mu). Thus, (2): F = wAAV/h, 


or solving for u, (3): » = Fh/AAV. The dimen- 


sions of u, the absolute viscosity, can be obtained by 
subsituting the dimensions of the terms on the right 
hand side, thus: u = (Force x Dist)/(Dist? x Dist/ 
Time) = (Force x Time)/Dist?, or in English units 
u == (Ibs. x sec)/in®. This is called the “Reyn.” 
This is a large unit and recently, one millionth of 
this unit has been suggested, called the ‘‘Micro- 
Reyn.”’ In metric units u — (Dynes x Sec)/cm* 
called the ‘‘Poise,’’ or for a more practical unit, one 
hundredth of this unit is used, called the ‘‘Centi- 
poise. 


CONVERSION FROM ONE SYSTEM OF UNITS 
TO ANOTHER: Keep in mind that there are two 
relationships in general, for all conversions. Cne 
is “size of,’’ and the other is “number of.’’ For 
example, One foot = 12 inches, but, Number of 
inches == 12 x Number of feet. Thus One Ib. = 
453 grams x 980 cm/sec® = 444,000 dynes. And 
the number of dynes = 444,000 x number of Ibs. (A). 
Also number cms’? = 2.54? x number ins? (B). Divide 
(A) by (B) No. dynes/cm? = 444,000/2.54* x No. 
Ibs/in*. Multiply both sides by secs., and No. (dynes 
x secs)/cm*? = No. (Ibs x sec)in? x 444,000/2.54?. 


But by above definitions, (dynes x secs)/cm? = 
Poises, and (Ibs x sec)/in? = Reyns. Therefore, No. 


Poises = 444,000/2.54° x No. Reyns. Or, No. 
Poises = 68,750 No. Reyns. Or finally, (4): No. 
Reyns = 1.45 x 10-5 No. Poises. Also, (5): No. 
Reyns = 1.45 x 10-7 No. Centipoises. Also, (6): 


No. Micro-Reyns =: 0.145 No. Centipoises. 

For example, if an oil has an absolute viscosity 
of 300 centipoises it would have a viscosity of 3 
poises, or a viscosity of 435 x 10~* reyns, or a vis- 
cosity of 43.5 micro-reyns. 

Consider the viscosity of some typical fluids, at 
a temperature of 70 F. 
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Fluid Centipoises Reyns Micro-Reyns _ 
Honey Approx. 1500 2175 x 107! 217.5 
SAE 50 (heavy) 800 1160 x 1077 116 
Glycerine 500 725 x 1077 72.5 
SAE 30 (medium) 300 435 x 1077 43.5 
Olive Oil 100 145 x 1077 14.5 
SAE 10 (light) 70 101 x 107” 10.1 
SAE 5 (x light) 32 46.5 x 1077 4.65 
Ethylene Glycol 20 29 x 1077 2.9 
Mercury 1.5 2.17 x 1077 2217 
Turpentine 1.45 2.1 x 10~7, 21 
Water 1,00 1.45 x 10", 0145 
Octane 054 278 x 10° 4 2078 
Air .018 .926 x 10 0026 


The viscosity just described is the kind called 
absolute viscosity. It is measured by using con- 
centric cylinders, as did Newton, or by oscillating 
discs, or by flow through long capillary tubes, or by 
falling spheres in free liquid or by the rolling ball 
type of viscometer. 

KINEMATIC VISCOSITY: This type viscosity 
is useful in that it is easily and accurately measured 
in the laboratory, it is significant in the analysis of 
turbulence in bearings, and is also found as part of 
the system of converting viscosity in Saybolt Second 
units of absolute viscosity. Commercial instruments 
that measure kinematic viscosity are relatively sim- 
ple to build and operate and consist of short tube, 
capillary-type viscometers in which flow is pro- 
duced because of the ‘‘head”’ of fluid acting. Com- 
mercial units are known as Ubbelohde, the Fitz- 
Simons, the Otswald, etc. (See ASTM Specifica- 


tion D445). 
Kinematic Viscosity = Absolute Viscosity — 
Mass density. Thus, ¥ (nu) = u (mu) — p (rho). 


Thus, (7): v = w/p, or (8): u—=vxp. Units of kine- 
matic viscosity in the metric system are “‘stoke,”’ or 
14100 of a stoke called ‘“‘centistoke.”’ 

In the metric system it is fortunate that the 
number for mass density is the same as for specific 
gravity. Thus if an oil has a viscosity of 3 poises and 
a mass density of 0.85, its kinematic viscosity is v 
(stokes) = u(poises)/p, or v = 3/.85 = 3.53 stokes. 
Also v(centistokes) — wu(centipoises)/ p, or v = 
300/.85 = 353 centistokes. 

SAYBOLT VISCOSITY: This is a term applied 
to measurements made on a commercial type instru- 
ment (See ASTM Specification D88). It measures 
something resembling kinematic viscosity but the 
deviation becomes rather large at values below 100 
secs. The standardization of these instruments has 
brought about a reasonable degree of uniformity, 
but as Dr. Hersey puts it, at the risk of perpetuating 
their complications. Herschel’ has shown that the 
conversion can be represented with sufficient accu- 
racy by the equation (9): v = 0.22t — 180/t, where 
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t = Saybolt seconds and v = centistokes (A more 
accurate conversion can be obtained from ASTM 
Standard D446). 

EXAMPLE: If an oil has a viscosity of 100 
Saybolt Universal Seconds at 175 F., and a mass 
density (specific gravity in metric system) of 0.85, 
the viscosity in other units is as follows. Saybolt 
seconds — 100 S.U.S. (Saybolt Universal Seconds), 
Kinematic vis. ¥ = 0.22 x 100 — 180/100 (from 
equation 9), v = 20.2 centistokes. Absolute vis. 
= vx p (from equation 8), = 20.2 x 0.85, u = 17.2 
centipoises. Or Absolute vis. u = 0.145 x 107‘ x 
17.2 reyns (from equation 5), u = 24.9 x 107% 
reyns. Or Absolute vis. u = 0.145 x 17.2, u = 
2.49 micro-reyns (from equation 6). 

These conversions to various units of viscosity 
can also be made quickly and simply by the use of 
the nomographic chart that is shown. This chart 
was constructed especially for the range of values 
generally encountered in lubrication work. 


VISCOSITY CONVERSION CHART 


° 











For the same example of an oil with a viscosity 
of 100 Saybolt Universal Seconds and a specific 
gravity of 0.85, draw a straight line between these 
points located on the proper scales. It will be seen 
that in units of kinematic viscosity, the viscosity of 
this oil would be 20.2 centistokes and in units of 
absolute viscosity 17.2 centipoises, 2.49 microreyns 
or 2.49 x 107° reyns. 
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MECHANISMS OF 


by P. B. Burgess 
Standard Oil Co. (Ind.) 
2400 New York Ave. 
Whiting, Ind. 





SLEEVE BEARING FAILURE* 











INTRODUCTION: When bearings are considered 
as metallurgical structures rather than as machine 
parts, the actual mechanisms of their failure turn 
out to be relatively few in number, in spite of the 
numerous and diverse causes of bearing trouble. 
Because each of these basic mechanisms of failure 
produces characteristic features in the appearance 
of distressed bearings, it is often possible to deduce 
them by careful examination. This examination 
is frequently complicated by the simultaneous ac- 
tion of two or more destructive factors. However, 
with a knowledge of the effects of stress, dirt, heat, 
and corrosion, the most significant mechanism in 
any given bearing problem can usually be deter- 
mined. Although a complete diagnosis usually de- 
pends upon analysis of the overall pattern of the 
failure and pertinent service information, determi- 
nation of the failure mechanism by examination of 
damaged bearings is a necessary step. 

It is the purpose of this paper to present an 
examination scheme for finding the most probable 
failure mechanisms of damaged bearings. The ex- 
amination is made with the help of a wide angled 
magnifier and a magnetized pick or probe. The 
significant features of the most common bearing 
failures are shown and explained in the following 
discussion. 

Whenever possible, every effort should be 
made to select, for examination, bearings which are 
representative of different stages in the failure. 
“Burned out” bearings are usually of little help be- 
cause they all tend to look alike regardless of the 
mechanism of failure. However, a relative ap- 
praisal of the severity of the damage to different 
bearings in the same machine may be helpful in 
arriving at the cause of trouble, particularly when 
it is of a mechanical nature. 

GENERAL FAILURE MECHANISMS: The prin- 
cipal causes of bearing distress—dirt, stress, heat, 
and corrosion—each produce disintegration of 
metallurgical structures by characteristic mechan- 
isms. The general failure mechanisms that will be 
considered are: (1) Deformation, (2) Rupture, 
(3) Abrasion, (4) Corrosion, (5) Melting. 

Because of interaction of the responsible fac- 
tors. more than one of the above mechanisms may 
be involved in a single bearing failure. For example, 
high bearing temperatures are frequently respon- 
sible for failures by deformation, cracking, and cor- 
rosion, but are seldom high enough for actual melt- 
ing. Excessive temperatures, on the other hand, are 
*Sponsored by the ASLE Technical Committee on Bearing Lub- 


rication, and presented at the ASLE 8th Annual Meeting, Boston, 
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‘usually by excessive temperatures. 


almost always encountered in the final phases of 
bearing failure regardless of cause. Also, it should 
be noted that many forms of damage to bearings 
increase localized loads or weaken the structure to 
promote cracking. 

DEFORMATION: The characteristic result 
of bearing deformation is extrusion of the bearing 
alloy into the oil grooves and out of the ends of the 
sleeve. Extrusion may result from journal loads 
which are too high for the bearing either because 
of poor design or weakening of the bearing alloy 
It is frequently 
associated with seizure and other types of failure. 
Since it is readily recognized, it will not be de- 
scribed further. 

A special mechanism of failure involving defor- 
mation is seizure usually caused by lack of lubri- 
cation. Seizure is the result of bearing metal stick- 
ing to the journal so that it is torn out of the struc- 
ture by shaft rotation. Severe cases can be recog- 
nized by the torn and distorted appearance of the 
bearing surface, and incipient cases by the char- 
acteristic scuffing marks which are scratc’*s start- 
ing at points from which pieces of the bearing have 
been torn. Both these features are illustrated. 

RUPTURE: Failure by cracking or spalling is 
the result either of bond failure, fatigue, or fracture 
of a brittle structure. 


Bond failure is caused by improper application 
of the lining metal to the bearing and is character- 
ized by complete and clean separation along the 
bond as shown. The unsupported lining breaks up 
into relatively large pieces and may be still ductile. 
Conclusive verification of the lack of soft bearing 
metal on the exposed backing may be obtained by 
scratching with a steel probe. 


Fatigue is caused by alternating stresses which 
are below the ultimate strength of the structure but 
which are sufficient to cause the formation and 
progressive propagation of cracks from points of 
stress concentration. In backed bearings, cracks 
start at the surface, progress downward almost to 
the bond layer, and then run just above and parailel 
to the bond. In time, networks of cracks allow 
pieces of the bearing metal to be lifted out of the 
structure; these often are pressed into and smeared 
over the bearing surface. The pieces of metal thus 
spalled out are generally smaller than those broken 
out by bond failure. 

Premature fatigue is caused either by exces- 
sively high stresses or by weak or weakened bear- 
ing structures, but fatigue also is the normal mode 
of failure for bearings which have given a good ser- 
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vice life under normal conditions. Recognition of 
fatigue depends upon the detection of the character- 
istic crack networks and the thin layer of lining 
metal left on the backing after spalling. Heating 
or flexing the bearing will help reveal fine cracks by 
driving out the oil entrapped in them. 


rr. 


7 ) . 
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Fig. 1 (left) White material at top is babbitt lining app!ied to 
leaded bronze backing below. Crack runs down through the 
babbitt and then along the bond interface. (X75) 


Fig. 2 (right) Bond layer between babbitt at top and bronze 
backing below appears as a broad dark line because it was not 
in focus when photographed. Fatigue cracks run down through 
the bearing metal and then along, but definitely above, the 
bond layer. (X75) 


Selective removal of one of the microconstit- 
uents of a bearing by preferential melting or cor- 
rosion will generally weaken and embrittle the 
structure so that it finally fails by cracking. This 
is often observed in copper-lead bearings from 
which the lead has been removed. Somewhat simi- 
lar cracking may also result from undesirable con- 
taminants in bearing alloys which render them 
brittle. Cracking from these causes cannot always 
be distinguished from fatigue, with which it is 
closely related. However, crack networks are usu- 
ally absent and the portions of the structure re- 
moved are frequently shallower than those removed 
by fatigue. 





Fig. 3 (left) Many small white particles in the top of the 
speckled gray babbitt layer are pieces of steel embedded in the 
bearing surface. (X75) 


Fig. 4 (right) Copper-lead alloy consists of white copper grains 
and speckled gray lead areas; steel backing below. Black areas 
in top of structure are voids left by corrosive lead removal. 
(X150) 


ABRASION: The characteristic effect of 
abrasion is the circumferential scratches caused by 
the cutting of the bearing structure by hard particles. 
lf the abrasive particles are fine, these scratches are 
not readily apparent, but enough material may be 
embedded in the bearing surface to give it a dis- 
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tinctly rough appearance and gritty feel. The em- 
bedment of abrasive particles is just as destructive 
as simple cutting of the bearing since a dirty bear- 
ing is, in effect, a charged lap and will cause wear 
of the journal and heating of the bearing. Because 
of these and other effects, dirt in bearings may cause 
fatigue and overheating (melting or corrosion) as 
well as simple abrasion. 

Because there are some contaminating par- 
ticles embedded in almost any bearing, it is a ques- 
tion of judgment as to when abnormally or harm- 
fully dirty conditions are indicated. Generally 
speaking, if the bearings are definitely altered in 
appearance by either scratching or embedment of 
foreign particles, operating conditions may be con- 
sidered to be excessively dirty. Sometimes over 
half the bearing surface may consist of abrasive ma- 
terial as illustrated in the accompanying photomicro- 
graph. 

It is possibly by careful probing with a pick 
to make a rough analysis of the foreign particles 
embedded in a bearing. The first classification is 
between metal particles and non-metallic minerals. 
Non-metallic minerals are usually the result of air 
borne contamination, but metal particles may origi- 
nate within the machine. Iron alloys may be 
identified by their magnetism, and copper, brass, 
and, with some practice, aluminum by color. Care 
should be taken not to become confused by par- 
ticles of re-embedded bearing metal. 





Fig. 5 (left) A pit has formed in the top of the bearing which 
is filled with sulfide deposit. Copper grains have been attached 
but lead has resisted corrosion. (X250) 


Fig. 6 (right) Etched. Lead has been removed from upper por- 
tion of structure to leave practically solid copper grains which 
has been compacted and annealed by heat and pressure de- 
veloped by seizure. Top layer is cracking from surface. (X150) 


CORROSION: Corrosion may be considered 
as conversion of metal to metallic compounds, In 
order to become serious, the products of corrosion 
must be soluble, porous, or else be continually re- 
moved to expose fresh metal to attack. Corrosion 
is often selective in its action and attacks some con- 
stituents of an alloy faster than others, as in the 
case of the removal of lead from copper-lead bear- 
ings. The corrosive agents, in this case, are gener- 
ally either compounds formed by oil deterioration 
or certain organic acids. A photomicrograph of a 
typical corroded bearing, from which the lead has 
been removed, is shown. 

The visual indications of lead-corrosion in 
copper-lead bearings are somewhat ambiguous and 
in most instances a certain diagnosis can only be 
made microscopically. The photographs shown to 
illustrate this condition were taken of very badly 
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damaged bearings that were characteristic in their 
appearance. Such good examples are uncommon in 
practice. Very frequently, a bearing from which 
the lead has been removed will have a distinctly red 
color as compared to the bronze or brown-red color 
of an uncorroded bearing. A better indication of 


corrosion is the scratch test. A clean shallow 
scratch made by a sharp steel pick will be either 
silvery, bright red, or dull red. A silvery scratch 
indicates that the lead portion of the structure is 
intact and that none has been lost by either corro- 
sion or sweating. Red scratches indicate lead loss. 
Generally if the scratch is a bright shiny red, the 
bearing has lost lead by sweating. If the scratch 
is dull and lustreless and oozes oil under the pressure 
of the probe, it is likely that the lead in the bearing 
was corroded. However, a clear distinction can 
only be made by metallographic examination and 
even then, not all cases can be resolved. Recently, 
radiographic inspection has been used to advantage 
in classifying doubtful cases. 


Plate A Top left: Surface of seized bearing is severely de- 
formed and distorted (X2/5) ; Top right: Scuffing marks caused 
by the pick up of bearing alloy on the journal are visible at left. 
Bearing metal has been carried into oil distribution pocket (X2) ; 
Middle left: Relatively small areas spa!led to leave a thin layer 
of soft bearing metal still on the backing. Crack networks are 
visible in remaining lining meta! (X2) ; Middle right: Particles 
have caused scratches and sharp edged indentations surrounded 
by rounded bright areas. Magnetic probe shows when the par- 
ticles, still embedded in the bearing, are steel or iron (X2); 
Bottom: Relatively large areas are spalled leaving no bearing 
metal on exposed backing. Bearing metal remaining has few 
crack networks and is still ductile (X2). 


Another type of corrosion to which copper-lead 
bearings, as well as si!ver bearings, are subject is sul- 
fide corrosion. This generally is the result of engine 
operation with high sulfur fuels. The characteristic 
feature of this form of corrosion is the black sulfide 
deposit formed on the bearing. This deposit is 
not soluble in the common organic solvents and so, 
can be distinguished from the varnish and resins 
frequently found on bearings. It is generally hard 
and brittle and is associated, in cases of severe cor- 
rosion, with pits in the bearing surface. In copper- 
lead bearings, the scratch test will be silvery indi- 
cating no selective loss of lead. 


MELTING: When bearing temperatures are 
high enough, all or portions of the bearing will melt. 
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When one constitutent of the alloy melts and oozes 
out of the structure, the bearing is said to have 
‘sweated’. Detection of masses of soft metal along 
the ends or near the low pressure areas of bearings 
is evidence of sweating. These masses usually have 
a rippled and flowed appearance. Sometimes, beads 
of ‘‘sweat’’ may be observed along oil grooves and 
at oil distribution pockets. In the case of copper- 
lead bearings which are also susceptible to lead 
corrosion, the differentiation between lead sweat- 
ing and lead corrosion is sometimes only possible by 
microscopic examination. A sweated, copper-lead 
bearing usually has a burnished appearance caused 
by the high temperature to which it was subjected. 
Also, the back and the oil grooves of such a bearing 
are often blackened by varnish formed by decom- 
position of the lubricant. Frequently, sweating is 
accompanied by seizure. Scratches made in a 
sweated copper-lead bearing usually are reddish in 
color but have a bright lustre. 


Plate B Top left: Bearing surface is scored and deformed. 
Scratch made by probe is red but shiny showing lead loss ac- 
companied by copper compaction (X2) ; Top right: Hard black 
deposit fills pits in surface. Bearing overplate is largely un- 
affected. Bright silvery scratch made by probe indicates no 
selective lead removal (X2) ; Bottom: Small rounded pits visible 
in surface. Scratch made by probe is dull red and oozes oil 
(X3/4). 


SUMMARY: The scheme of visual examina- 
tion which has been described is somewhat over- 
simplified. ln some cases, especially those involving 
more than one failure mechanism, it is impossible 
without microscopic examination to determine the 
most significant failure mechanism. However, even 
in complex cases, it is usually possible to eliminate 
one or more possible failure mechanisms which can 
be quite helpful in diagnosis. 

It is believed that most bearing failures can 
be at least partially analyzed by the procedure de- 
scribed. However, there are, undoubtedly, several 
mechanisms which have not been included. One 
purposely omitted is cavitation erosion which has 
been increasingly encountered, particularly in con- 
necting rod bearings of railway diesel locomotive 
engines and in the wrist pin bushings of certain 
other engines. The visible indications of this form 
of damage vary considerably and not enough ex- 
perience has been gained, as yet, to identify the 
effects readily. 


In utilizing the results of an analysis based 
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upon visual examination of damaged bearings, the 
causes of the several possible mechanisms should 
be remembered: (1) Deformation: stress, heat. 
Seizure: lack of lubrication. (2) Rupture. Bond 
failure: defective manufacture. Fatigue: stress, 
heat. Brittle cracking: sweating, corrosion, alloy 
impurities. (3) Abrasion: dirt. (4) Corrosion: 





general, they are the links necessary to connect the 
visual indications of failure with the design, lubri- 
cation, and operating factors which may be respon- 


. sible for bearing trouble. 
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heat, corrosive media. (5) Melting: heat. 
Although the foregoing “‘causes’”’ are perfectly 
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GEORGE L. SUMNER, Consulting En- 
gineer for Westinghouse Electric Corp., 
East Pittsburgh, Pa., has announced his 
retirement as of July 1. The fourth 
President (1948) of ASLE, Mr. Sumner 
is a member of ASTM, Committee D-2, 
and Sectional Committee Z-11 of ASA 
on Pretroleum Products & Lubricants. 

New Officers on the Board of Direc- 
tors of the C. A. Norgren Co., Engle- 
wood, Colo., include: C. N. NORGREN, 
Vice-President & Secretary; A. NIELSEN, 
Vice-President & Ass’t. Treasurer; L. H. 
NORGREN, Treasurer & Ass’t. Secretary; 
and F. R. POOL, Ass’t. Secretary. 

Precision Scientific Co., Chicago, Ili., 
has announced the appointments of C. A. 
WARNER, as Chairman of the Board; 
J. J. KINSELLA, President; A. PITANN, 
Vice-President & Secretary; G. E. BADER, 
Vice-President in Charge of Manufactur- 
ing; and E. E. TICE, Vice-President in 
Charge of Finances. 

G. B. FUREY has been appointed Sales 
Engineer for Honan-Crane Corp., Lebanon, 
Ind., covering central and northwestern 
Indiana, including South Bend and In- 
dianapolis. 

New Officers for the Association of 
lron & Steel Engineers include: E. L. 
ANDERSON, President; J. H. VOHR, Ist 
Vice-President; W. H. COLLISON, 2nd 
Vice-President; J. D. O’ROARK, Treas- 
urer and L. LARSON, Secretary. 

Reprints of REVIEW OF ASTM RE- 
SEARCH, as published in the December 
’52 and January & February ’°53 ASTM 
Bulletins, are available, without charge, 
from ASTM Headquarters, 1916 Race 
St., Phila. 3, Pa. 

New Officers and Directors for the 
American Society of Civil Engineers in- 
clude: D. V. TERRELL, President; E. R. 
NEEDLES (Zone 1) & M. G. LOCKWOOD 
(Zone 4), Vice-President; and Directors 
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W. S. LaLONDE (Dist. 1), O. W. HART- 
WELL (Dist. 4), T. C. SHEDD (Dist. 8), 


S. B. MORRIS (Dist. 11), E. W. CARL- 
TON (Dist. 14), and R. F. DAWSON 
(Dist. 15). 


Obituaries: S. E. MURPHREE, Con- 
tinental Oil Co., Ft. Worth, Tex., June 13; 
W. W. PITANN, Chairman of the Board 
and Founder of Precision Scientific Co., 
Chicago, August; J. W. SHEPHERDSON, 
Executive Vice-President (retired) of 
Morgan Construction Co., Worcester, 
Mass., Sept. 30. 





Lubrication 
in the News 











CHAIN OILING SYSTEM: Bulle- 
tin 69-30 just released, describes 
a new chain oiling system which 
lubricates one or more individual 
chains from a single reservoir. 
This single line system consists of 
a central oiler which feeds one or 
more valve brush assemblies 
(numerous brush sizes available 
for specific applications) con- 
nected in series by means of cop- 
per tubing; a combination of 
valve brush units can be used, 
each valve independently ad- 
justed. For copies of bulletin, 
write: Oil-Rite Corp. (LE9/6), 
2328 Waldo Blvd., Manitowoc, 
Wisc. 


NON-METALLIC RUST INHIBI- 
TOR: A new rust inhibiting oil ad- 
ditive, identified as Atpet 100, is 
now available in commercial 
quantities for immediate indicated 
uses including: the protection of 
stored aircraft engines (both pis- 
ton and jet), diesel and gasoline 
engines, turbines, pipe lines, and 
ferrous tools or components in 
production stages. A _ sorbitan 
mono fatty acid ester, it is shipped 
as a concentrate for addition by 
the refiner or compounder to his 
oil. Extensive testing shows: (1) 
protection considerably improved 
over kindred earlier inhibitors, 
even when used in reduced con- 
centrations, and (2) consistently 
uniform protection. In a standard 
humidity cabinet test, it has with- 


paper, and to Mr. Arthur C. Davis, Lubrication Engineer, who 
secured several of the bearing specimens required. 


stood 634 hours’ exposure at one 
percent concentration in oil. For 
samples and literature, write: 
Atlas Powder Co., Industrial 
Chemicals Dept. (LE9/6), Wil- 
mington 99, Dela. 


OILING & FILTERING SYSTEMS 
FOR PAPER MILL MACHINERY: 
As the speed and power of paper 
mill machinery has increased from 
year to year, the matter of bearing 
lubrication has become increas- 
ingly important until today bear- 
ing lubrication is the number one 
item of machinery maintenance. 
The Wm. W. Nugent Co., Inc., 
has issued a new Bulletin, No. 
14B, describing their line oiling 
and filtering systems for paper 
mill machinery. Included are 
pressure type filters and gravity 
systems designed to assure an 
adequate supply of clean, cool oil 
to even the fastest, biggest paper 
mill machine. Copies may be ob- 
tained by writing: Wm. W. Nu- 
gent Co., Inc. (LE9/6), 401 N. 
Hermitage Ave., Chicago 22, III. 


SELF-LUBRICATED BEARING 
MATERIAL: A new self-lubricat- 
ing metal with exceptional bear- 
ing strength has been developed 
which may be used dry or in con- 
junction with oil. | Employing 
both ferrous and _ non-ferrous 
metals, and specially formulated 
lubricative pigments locked to- 
gether to create a self-lubricated 
metal, the ratio of lubricative pig- 
ment to metal can be rigidly con- 
trolled with maximum lubricity 
engineered to meet the require- 
ments of specific bearing pres- 
sures. For further details, write: 
Booker-Cooper, Inc. (LE9/6), 
8487 Melrose PI., Los Angeles 46, 
Calif. 


NON-FLAMMABLE HYDRAUL- 
IC FLUID: A new, non-flammable 
hydraulic fluid, ““Houghto-Safe,”’ 
has been developed that can be 
used in hydraulic equipment op- 
erated near open flames or adja- 
cent to extreme heat conditions, 
combining maximum fire resis- 
tance with top hydraulic effi- 


(Continued on page 323) 
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INTRODUCTION: The Shell Oil Co. sponsored a 
program of research at Armour Research Foundation 
during the period from August, 1944, to December, 
1948. The various experimental and analytical 
studies that were pursued during that time produced 
a wealth of information on the basic mechanics of 
the metal cutting process and, in particular, the role 
of the cutting fluid. 

The critical rake angle (CRA) method of evaluat- 
ing fluids was conceived during the first year of 
activity on the project from observations of chip 
formation and surface finish in the two-dimensional 
cutting operation (See Fig. 1). The method was 
explored extensively during the second year of study. 
It is the purpose of this paper to present the results 
of the studies conducted to show the application and 
limitations of the CRA method of evaluating cutting 
fluids and to substantiate the significance of the 
laboratory rating of a fluid. 

EXPERIMENTAL ARRANGEMENT & EVALUA- 
TION PROCEDURE: The mechanical arrangement 
used in the laboratory for slow-speed planing is illu- 
strated in Fig. 2. The arbor support of the milling 
machine was provided with a special attachment 
known as a variable rake angle tool holder. This 
device supported a standard 3/8-inch square by 3- 
inches long high-speed steel cutting tool and al- 
lowed the tool to be rotated in a vertical plane. Any 
rake angle in the range of 0 to 35 degrees could be 
set accurately in one degree intervals indicated by 
a protractor and indexing pin holes. 


The work piece was a 3/16-inch thick plate held 
rigidly on its long edge relative to the bed of the 
mill and in the plane of the tool. A dial indicator 
was used to regulate precisely the depth of cut, the 
bed of the mill being elevated the desired amount. 
A test cut was accomplished by engaging the longi- 
tudinal feed of the mill. 

Cutting fluid was applied from a funnel through 
Tygon tubing directly at the side of the tool thus 
assuring a copius supply in both the rake anc’ clear- 
ance crevices. It was found that this teciinique as- 
sured that the cutting fluid passed under the cutting 
edge of the tool during chip formation’. A pan-like 
container surrounding the work piece served to re- 
cover the fluid used during a test cut, thus making 
possible the evalution of fluid samples as small as 
one quart. 

A typical series of chip and work piece surface 
specimens are shown in Fig. 3. The chip photo- 
graphs are direct while the surface photographs are 
*Sponsored by the ASLE Technical Committee on Fluids for 


Metal Working, and presented at the ASLE 8th Annual Meet- 
ing, Boston, April 14, 1953. 
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copies from Fax-Film replicas. The rake angle was 
progressively increased from 10 to 23 degrees. Suc- 
cessive cuts were made on an SAE 1010 cold rolled 
steel plate, using Cutting Oil No. 33, at a depth of 
cut of 0.0050 inch, and at a cutting speed of 30 
inches per minute. 

The classifications given in Table | were used 
to designate variations in chip and work piece sur- 
faces. Applying the criteria in Table | to the photo- 
graphs of Fig. 3, the results obtained by varying the 
rake angle are as shown in Table II. 





TABLE I 





Surface Type Description 
Chip 1 Brittle, discontinuous 
2 Ductile, continuous 
Work Piece A Coarsely patterned 
A-a Transitional 
a Very finely patterned 


B Not patterned 





TABLE BS 

Rake Angle, degrees 

ps ee 

12 

23,14, 29,27, 16, 19, 22 
22.23 


Chip Surface Work Piece Surface 
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TABLE Bs i | 











Fluid Sample No, CRA, deg Sequence of Field Rating of Samples 
Xx*3 5.0 5 (best) 
5 8.0 6 
6 10.5 7 
7 10.5 11 and 10 
11 11.0 8 
33 11.5 aa 
10 12,9 9 
12.5 12 
X*2 12.5 
4 13.0 17 (poorest) 
12 14.5 
16.0 
Xx#1 17.0 
an 20.0 
Dry 26,9 





Table | (top) Chip and work piece surface classifications. 
Table Il (middle) Classifications applied to sample CRA test. 


Table II] (bottom) Laboratory and field evaluation of cutting 
fluids. Cutting Conditions: Actual depth of cut, 0.0050 + 
0.0002 in.; Cutting speed, 30 + 0.5 in/min.; Tools, Mo-Max 
HSS, Tool angle = 55 deg.; Specimens, SAE X1025 CR, 3/16- 
in. thick. *Experimental fluids (Other laboratory tests had 
indicated that Oil No. 3 was the best oil among the several 
samples tested.) 


The correspondence described in Table II be- 
tween rake angle and combination of chip and sur- 
face finish is characteristic of cutting dry or with a 
fluid. When the experimental procedure was re- 
peated for other oils, the sample physical occurrences 
were observed. However, the rake angles corres- 
ponding to particular types of chips and surfaces 
varied for different oils and materials. In many in- 
stances the changes occurred in a very narrow range 
of rake angles with direct transition from a Type A 
to Type B surface. The rake angle at which this 
transition phenomenon occurs is defined as the 
critical rake angle. It is established by averaging 
the values of adjacent rake angles at which Type | 
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(discontinuous) and Type 2 (continuous), chips are 
observed to occur respectively with Type A surface 
and Type a surfaces. Based on this definition it is 
possible with some indoctrination to interpret con- 
sistently the laboratory results and to be confident 
of the comparison of one fluid to another. 




















TABLE Iv 4 
Fluid Sample No, R,1b Mdeg Oe ee ee 
x#3 340 7545 36 
5 375 70.0 41 
33 365 72.5 40 
9 385 71.5 44 
Dry 275 72.5 45 
TABLE v CRA, degrees 

Actual Depth No.9 No.33 No.5 No.X*3 
Work Material of Cut Dry Oil Oi} Oil Oil 
SAE X1025CR (a) 0.0050 26.0 16.0 11.5 8.0 5.0 
SAE K1025 Annealed (a) 0.0020 28.0 14.5 12.0 7.0 3.5 
SS 304 Annealed (b) 0.0050 8.5 0.5 -1.5 

(b) 0.0100 3.0 3.0 
SAE 1112 CR (a) 0.0050 13.0 8.5 4.5 0 
SAE 2340 Annealed (a) 0.0050 12.5 <0 7.5 5.5 
SAE 2340 Quenched (a) 0.0050 22.5 14.5 17.0 12.5 8.5 

and Drawn 
SAE 52100 Spheroidized 
Annealed (a) 0.0050 31,0 29,0 29,0 28,5 26 





Table IV (top) Tool force and the depth of cold work at the 
CRA. NOTE: R = Magnitude of resultant tool force; M = 
Direction of resultant tool force from vertical; d = Depth of 
cold work. 

Cutting conditions for determining R and M: Planning on mill 
with tool force dynamometer; Actual depth of cut, 0.0050 + 
0.0002 in.; Cutting speed, 30 + 0.5 in/min.; Tools, Mo-Max 
HSS, Clearance angle = 5 deg.; Specimen, SAE X1025 CR 
3/16-in. thick. 

Cutting conditions for determining d: Planning on mill with 
variable rake angle tool holder; Actual depth of cut, 0.0020 + 
0.0001 in.; Cutting speed, 30 + 0.5 in/min.; Tools, Mo-Max 
HSS, tool angle = 55 deg.; Specimen, SAE X1025 Annealed 
3/16-in. thick. *Experimental fluid 


Table V (bottom) CRA evaluations for various work materials 
and cutting fluids. (a) Tool angle = 55 degrees; (b) Clear- 
ance angle = 5 degrees. Cutting conditions: Cutting speed, 
30 in/min.; Tools, Mo-Max HSS; Specimens, all 3/16-inch 
thick. *Experimental fluid. 


IMPLICATIONS OF THE CRA METHOD: The 
first laboratory tests in which the CRA method was 
employed showed only that there were differences 
between cutting dry and with each of two fluids. 
Naturally, two questions arose: (1) Is the CRA of a 
given oil reproducible and is the sensitivity of the 
method within the limits of experimental variation? 
(2) Is the CRA of a given oil actually an indication of 
the effectiveness of the oil? 

The first question was answered in the affirma- 
tive after studies were made on the CRA method 
as influenced by (1) cutting tool properties (rigidity, 
sharpness, included tool angle), (2) work piece prop- 
erties (type of steel, width of cut, heat treatment), 
(3) cutting speed, and (4) depth of cut. The results 
of these tests suggested some refinements in the 
CRA procedure. Certain of these studies will be 
presented briefly later in this paper. 

The second question was answered by two sepa- 
rate series of experiments. 

The Shell Oil Company provided twelve cutting 
fluids which were evaluated by the CRA process. 
The oi!s and their CRA’s were tabulated in order of 
increasing angle and compared to an independent 
empirical classification by field representatives in 
the order of ‘‘best’’ to ‘‘poorest’’. This data is given 
in Table III. As there is close agreement between 
the laboratory evaluation and the field rating, it is 
assumed that the method is a valid physical test. 

To discover whether or not the CRA method 
had a definite correlation with the effectiveness of 
the oil, two techniques were employed. A tool force 
mechanical dynamometer was used to obtain the 
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vertical and horizontal components of force when 
cutting with each of four cutting oils and dry cut- 
ting. The rake angle of the cutting tool was varied 
between the lower boundary of the CRA region and 
36 degrees. All other cutting conditions were held 
constant. 

Individual curves of too! force versus rake angle 
and other derived relations were obtained. The re- 
sults show that the magnitude and direction of the 
resultant force are practically constant at the CRA 
of each oil and dry cutting. Table |V summarizes 
the experimental data. 
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Fig. 4 (bottom) The effect of depth of cut on CRA. 


The second series of experiments was related 
to the determination of the depth of cold work or 
plastic flow in the work piece for dry cutting and 
for cutting with various fluids. The details of this 
work are presented in another paper’ by the authors. 
Very briefly, the depth of cold work in annealed 
steel specimens was determined by x-ray diffrac- 
tion. It was found that the depth of cold work is 
inversely proportional to the effectiveness of the 
oil; the smallest depth of cold work is found with 
the oil rated as most effective (by the independent 
field rating shown in Table |.) The depth of cold 
work increases with decreasing rake angle for a 
given cutting oil and other cutting conditions held 
constant. 

The CRA’s of several oils were found for these 
conditions. Although the angles differ from those 
found previously for the same oils evaluated with 
the cold rolled steel, the relative rating of these oils 
is the same. 

Table IV also shows the depth of cold work at 
the CRA’s of the several oils tested. These values 
are approximately constant. 

It is concluded, therefore, that at the CRA some 
important characteristics assume definite numerical 
values, since they are a consequence of the mechani- 
cal behavior of the work material during the pro- 
cess of chip formation. 


LUBRICATION ENGINEERING, DECEMBER, 1953 














THE CRA METHOD AS AFFECTED BY 
CHANGES IN CUTTING CONDITIONS: The CRA 
method was explored extensively. Experimenta- 
tion to study the behavior of the method when each 
of the independent variables (depth of cut, work 
material, and cutting speed) were varied led to a 
better understanding of the limitations of the pro- 
cedure. These studies are presented briefly. 


(A) THE EFFECT OF DEPTH OF CUT ON THE 
CRA: Critical rake angles for several oils and dry 
cutting were determined for depths of cut of 0.100, 
0.125, 0.175 and 0.200 of an inch. The cutting 
speed, work material, and tool were held constant. 
The graphical compilation of CRA against depth of 
cut (see Fig. 4) indicates that the CRA becomes 
more and more independent of the depth of cut as 
the depth of cut is increased. This is particularly 
true for dry cutting, the CRA’s of which are ap- 
proximately constant for depth of cut between 0.100 
and 0.200 inch. Oil curves continuously approach 
the dry cutting curve which is in agreement with the 
hypothesis that cutting oils become less effective 
as the depth of cut is increased. 

It is seen that the CRA must be defined for a 
specific depth of cut. Based upon these results 
(and others which follow) a ‘‘standard’’ depth of 
cut of 0.0050 inch was adopted for the normal 
evaluation procedure. 





(B) THE EFFECT OF WORK MATERIAL AND 
ITS PHYSICAL PROPERTIES ON THE CRA:  Fer- 
rous work materials representing a wide range of 
physical properties were used. These include SAE 
X1025 annealed, SS 304 annealed, SAE 112 cold- 
rolled, SAE 2340 annealed, SAE 2340 quenched and 
drawn, and SAE 52100 spheroidized annealed. The 
cutting speed and tool were held constant and the 
CRA procedure was repeated for dry cutting and 
with Oils Nos. 9, 33, 5 and 3. 

The test results are summarized in Table V. In 
general, the cutting oils have the same relative rat- 
ing on each work material, although the actual CRA 
is different. The CRA range between dry cutting 
and with the “‘best’’ fluid, varies from 4.5 degrees 


on SAE 52100 to 24.5 degrees on SAE X1025 an- 
nealed. It was found that SAE X1025 cold-rolled 
has physical properties which produce the most 
sharply defined critical rake angles of the several 
work materials used in this test. This fact, plus the 
large CRA range from dry cutting to the best oil, 
and the very close reproducibility of results obtained 
on this material made it the best of the seven work 
materials for CRA evaluations. 





iwudeenare 20. MASS : 
Fig. 3 Rake angle and surface finish. Top row: Appearance of 
chip (from left to right) Type 1, 11°; Type 1, 12°; Type 2, 
13°; Type 2, 14°. Bottom row: Fax-Film record of work 
surface (from left to right) Type A, Type A-a, Type 2, Type 2. 


(C) THE EFFECT OF CUTTING SPEED ON THE 
CRA: One of the most important of this series of 
experiments was the investigation to determine 
the limiting cutting speed, for various cutting con- 
ditions, imposed by the disappearance of the CRA. 
The use of the mill as a slow-speed planer was 
limited to cutting speeds under 100 inches per 
minute. A device was built to adapt a lathe to high 
speed, two-dimensional cutting above 100 inches 
per minute. Briefly, the work material (in plate 
form) was bolted to the face of a large block of steel 
held in the chuck, the face of the block having been 
formed to assure rotation of the edge of the work 
material as a segment of screw with a square thread. 
The longitudinal feed of the cutting tool was in- 
dexed to the rotation of the work material. Thus, a 
continuous cut on the edge of the work material 
was accomplished. This action simulated the plan- 
ing action in the former tests. Tests were per- 
formed for dry cutting and with Oil No. 33 at a 
depth of cut of 0.0050 inch. It was found that the 
limiting speed was 225 inches per minute and 200 
inches per minute for these two conditions, respec- 
tively, as for those speeds, the CRA’s are either zero 
or negative. This means that the CRA method is 
limited to low cutting speeds. 
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coefficient of friction 
thickness of the oil film between foil and journal 
minimum thickness of the oil film 
rotational speed of journal 
pressure 
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radial clearance in a classical bearing 
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tensional force in the foil per unit of width 
viscosity 
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peripheral speed of journal 
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INTRODUCTION: In a journal bearing running 
in the region of hydrodynamic lubrication, the load 
is borne by the pressures developed in the oil wedge 
that establishes itself between the surface of the 
journal and that of the bearing. Assuming the 
journal to be absolutely rigid, one can distinguish 
two limiting cases: (1) The bearing is likewise 
completely rigid. The classical bearing with which 
the classical theory of hydrodynamic lubrication con- 
cerns itself, is a case in point. (2) The bearing 
is entirely devoid of rigidity. An example is a 
bearing consisting of an extremely flexible foil, 
stretched around half the circumference of the jour- 
nal. This bearing has been termed ‘‘foil bearing.” 

Intermediate between these limiting cases are 
those in which the rubbing surfaces are prone to 
deformation caused, either by the pressures in the 
oil wedge or by the external forces acting on the 
bearing. These deformations are of two kinds, viz. : 
(a) The deformations in the immediate neighbour- 
hood of that section where the film thickness at- 
tains its minimum. They are caused by the hydrody- 
namic pressures, which there reach their maximum. 
There is an interaction between generation of hy- 
drodynamic pressures and the elastic deformations 
of the surfaces. The study of this interaction is 
primarily of interest in relation to the lubrication 
of gears in which the oil pressures are of the order 
of the contact pressures calculated according to 
Hertz'* (b) Deformations of the bearing as a 
whole, caused by external forces that introduce cir- 
cumferential bending moments into the bearing 
shell. Bearings are more susceptible than gears to 
this sort of deformation®* By way of example, 
Fig. 1 shows a big-end bearing with the bending de- 
formation greatly exaggerated. In this example, 


*Paper presented before the Symposium on Engineering Studies 
of Bearings, organized by the Assoc. for the Advancement of 
Mechanical Engineering, Paris, June 23, 1952; republished by 
courtesy of Ingenieurs et Techniciens, see No. 51, 1953, 29/32. 
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the deformation causes lengthening of the active 
part of the oil wedge, and this promotes the hy- 
drodynamic performance of the bearing. 

The foil bearing may be considered as a bear- 
ing that offers no resistance at all to deformation. 
This limiting case has been realized by means of 
a model in which a very thin cellophane foil is 
stretched round a journal and loaded as in Fig. 2. 
From experiments with this model it has been found 
that the pressure and the thickness of the film 
separating the foil from the journal are constant 
except for the leading and trailing portions of the 
film. The foil thus causes an oil film to form that 
has parallel surfaces, along the whole length of 
which, remarkably enough, the pressure is constant. 
Although the classical theory of Osborne Reynolds 
states that such a film is possible in the case that 
the surfaces are parallel, with rigid surfaces this can 
be realized only if the pressure is maintained arti- 
ficially at the trailing portion of the film, for in- 
stance by introducing oil under pressure’. 





—__ DEFORMED 
—— UNLOADED 











Fig. | (left) Flexure of a big-end bearing. 


Fig. 2 (right) Sketch of a model foil bearing. 


EXPERIMENTS: Friction on the foil has been 
measured by means of a model, using the set-up 
shown in Fig. 2. An electric motor drives a journal 
6 cm (2.35 in.) in diameter, round which is a cello- 
phane foil stretched by the load (see Fig. 2). The 
foil is 20 cm long (7.88 in.), 0.008 cm thick, 
(about 3 thous.) and 8 cm (3.15 in.) wide (4 cm, 
that is 1.58 in., in some experiments). The speed 
of the journal was varied between 6 and 1500 rpm, 
the load between | and 27 kg (2.2 and 60 Ibs), and 
the viscosity of the oil between 6.5 and 100 centi- 


LUBRICATION ENGINEERING, DECEMBER, 1953 

















poises. This means a large variation in the lubrica- 
tion number ZN/p,, although the load P itself was 
kept rather low. 


| 
| 
| 
| 
| 





a 


Pm 


Fig. 3 Coefficient of friction as a function of ZN/pm. 


Fig. 3 shows the coefficients of friction, f, 
found in the experiments as a function of the dimen- 
sionless parameter ZN/p,, (Z = viscosity in Poises, 
N = speed in revs. per sec., and pn = specific 
pressure in dynes per sq. cm). Because this para- 
meter is dimensionless, its value is independent of 
the system of units employed, as long as one chooses 
a consistent system. One such consistent system is 
that where Z is expressed in lb sec/sq. in., N in 
revs./sec., and p, in Ib/sq. in. 

It is seen from Fig. 3 that the results for foils 
8 cm and 4 cm wide follow the same curve. The 
greater part of the curve for 8 cm width corre- 
sponds to the curve calculated in Appendix I! for 
a foil of infinite width, that is to say, one without 
side leakage. By mixing powdered aluminum with 
the oil, it was possible to observe, through the trans- 
parent foil, the flow of the oil and to verify that 
the side leakage is indeed very slight. 

The theoretical curve was worked out by as- 
suming constant thickness of the film of oil be- 
tween the journal and the foil. The agreement be- 
tween the experimental results and this curve makes 
this hypothesis appear acceptable. (The mechanism 
of the hydrodynamic formation of the paralle! film 
may perhaps apply to belt drives. We draw atten- 
tion to the fact that the coefficient of friction of a 
belt and pulley increases with the speed, as does the 
coefficient of friction of the foil bearing (M. Au- 
clair, 1922: Essai d’une theorie du fonctionnement 
des courroies; Memoires Soc. Ing. Civils de France 
1922, 496/523).). Moreover, it proved possible 
to corroborate the hypothesis by the following, 
totally different method. 

The foil is considered as being wholly de- 
void of bending rigidity. For a small element of the 
foil (see Fig. 4) the equilibrium between the hy- 
drodynamic pressure p in the oil film and the ten- 
sion o in the foil can be expressed by, (1): 2 
6. sin (Vad &) = prd ®, ignoring the influence of 
the differential do of the tension caused by friction. 
One may write sin (42d) = Y2 d ® and conse- 
quently, (2): p = o/r. 

If one measures the local radius of curvature 
the local pressure can be deduced from it with the 
aid of relationship (2). An optical method was 
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used for measuring r: The outer surface of the foil 
was covered with a thin layer of aluminum so as 
to form a convex mirror in which a lighted screen 
was reflected. From the height of the image of the 
screen seen in the reflecting foil it is easy 
to calculate the radius of curvature. Fig. 5 shows 
the arrangement used, which was calibrated by 
means of polished cylinders, of different diameters 
and very accurately machined. 
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Fig. 4 (left) Foil element. 


Fig. 5 (right) Set-up for measuring radiuses of curvature. 
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Fig. 6 (left) Measured radiuses of curvature. 
Fig. 7 (right) Intake of the parallel film. 


As an example, Fig. 6 gives the radiuses of cur- 
vature measured at the median plane of the active 
foil area for a value of the dimensionless parameter 
10°ZN/p, = 234. Although this method permits 
measuring the radius of curvature to an accuracy 
of 1-2 per cent, it is not sufficiently accurate for 
deducing the thickness of the oil film. The latter, 
according to the theory expounded in Appendix |, 
is of the order of 0.0025 mm (a tenth of a thou) 
at ZN/p, = 234. Making use of Equation (2), 
one may thus draw the conclusion that, as far as 
concerns the active part of the foil bearing, the 
hydrodynamic pressure in the oil film has been con- 
stant to within a few per cent, and that conse- 
quently the thickness of the oil film will have shown 
a similar constancy. Because of edge effects, which 
are not accounted for by the foregoing equations, 
this conclusion should break down at the sides of 
the foil. However, on the ground of what has been 
said about smallness of side-leakage, it is thought 
that the edge effects (except at the very edges) do 
not disturb the constancy of film thickness to any 
appreciable extent. 


DISCUSSION OF RESULTS: In Appendix | 
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a calculation is made of the thickness h, of the oil 
film between the journal and the foil, and it is found 
that, for the ratio of this thickness to the radius R 


greece 4 “ of the journal, (3): h,/R = 4.78 (ZN/pm)?/°. 
: Here p,, represents the specific pressure for 
4-cram 2 Jt which may be written: pn & o/R. 
TEST 


Formula (3) is valid for relatively small values 
of ho, say for: hyo’R<10-? or 108 ZN/pu< 10%. 

For the purpose of comparing the operational 
reliability of the foil bearing with that of the classi- 
cal bearing, the following expression (Expression 
(4) was derived from that given by Martin’ for 
gears: hnin/r = 2.45 ZU/W. In our case the pe- 
ripheral speed U = 22RN and the load per unit of 
width W = 2 Rp,,, whilst 1/r = 1/R — 1/(R+AR) 
= AR/R? if AR/R, the clearance ratio, is suffi- 





-- | ciently small.) is given for the minimum film thick- 

ness, hyin valid for the classical bearing at low values 

To determine the relative performance character- of as Pm, (4) > Amin/R 7.70 (R/AR).  (ZN/ 

istics of five competing open gear lubricants, a Tin tan tome 12) 6 ) nile ws 

major steel producer established the 4-Gram Test compare the minimum film thicknesses of the two 

. an experiment which reproduces as closely bearings at high loads. To this end the ratio ho/ Amin 

as possible service conditions encountered in open is determined and it is found that: ho/hmin > 1 for 
gear lubrication. ZN/pm < 0.24 (AR/R)8. 


It follows that for a clearance ratio AR/R of 


was modified slightly to reproduce more precisely say 10-* under operating conditions, the foil bearing 
gives a greater film thickness (and thus greater op- 


actual service conditions. Flow of lubricant to the eee ten “ 
Niall il iain Biel ail aun ween cnt erational reliability) than the classical bearing only 
ws P when 108 ZN/p,x < 0.024, which is below the 


In this experiment the Timken Testing Procedure 





off, and 4 grams of the lubricant being tested were values considered acceptable if the bearing is to run 
applied at room temperature. The machine then properly. From this point of view, then, the foil 
was set in motion and watched closely for signs bearing has no advantage over the classical bearing. 
of scoring. Nevertheless there is at least one case in which the 
Five lubricants, all ac- Kesulls foil bearing would appear to provide a solution to the 

; “ problems encountered when the classical bearing is 

cepted by industry as “good rtllcesoncsencceinnssta used, and that is, where a bearing is to operate at 
quality,’ were tested. Results high temperatures. In such a case the designer has 
showed that LEADOLENE ae eades eae caer to contrive a bearing with relatively large clearance 
estaba so as to allow for the different thermal expansions of 


KLINGFAST gave over 
315 times the service of 
the next best lubricant 
and up to 6 times the 
service of the other lubri- 
cants tested. 

In testing and in actual 
service LEADOLENE 
KLINGFAST—with its “In- 
destructible pH-ilm strength” 
of 50,000 psi—profits you 
in two ways: from lowered 
lubrication costs due to less 
frequent application, and 





the journal and the bearing. Here he is still far 
from being able to make exact calculations, and 

LUBRICANT "A" —5 min- ° > 

vtes—a figh grade com- he can only estimate the clearance in a rough-and- 

esas 7g ai rggazal ready kind of way. The very real risk that the jour- 
nal and bearing will bind remains present. The foil 

bearing, however, itself regulates the clearance so 

LUBRICANT "B" — 8 min- that there is no risk of binding of the journal. 


utes—a reputable lubricant 


ay “agua APPENDIX | Calculation of the film thickness 
of a foil bearing. The film of oil separating the foil 

from the journal consists of the following three 

ee St a: parts: (1) The parallel part, extending over half the 

pounded extreme pressure circumference of the journal, (2) The leading part, 

ee at the intake to the parallel part, (3) The trailing 
part, at the outflow of the parallel part. 


Our starting point is Reynolds’ equation (By 
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from Spats eaevios life of ose gale ae means of Equation (2), in which one can write: 

machinery being a ee and failed ] lf = 1/R Staak (1 /R?) ; d*h/ do’, if h/R and (1/R?) 

lubricated. hae a . dh/d® are sufficiently small, Reynolds’ equation 

permits the establishment of the differential equa- 

¥ _, tion that expresses film thickness, h, as a function 

THE BROOKS OIL COMPANY of ©. It is found that: — (o/R*) . d*h/dé? = 6 ZU. 

Since 1876 (h* — h)/h*. It is readily seen that the solution 

Executive Offices and Plant....... CLEVELAND, OHIO which has been found experimentally, that is, h = 

ee pe. a vee . Pe pcre tg h* = h, (constant) satisfies the last equation.), 
Cuban Office........5. oe SANTIAGO de CUBA (5): dp/dx =6ZU . (h* —h)/h’. 

S J This equation is valid for all three parts of 

the film. For the parallel film h = h* = h, 
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and consequently dp/dx = O, hence pressure p is 
constant. 

As long as flow in all three parts of the oil 
film is considered to be two-dimensional (no side- 
leakage or sideways contraction in any part of the 
film), oil flow in the peripheral direction, or say 
h* in Equation (5), cannot but be constant through- 
out the entire film. However, the assumption that 
h* equals h,, the uniform thickness of the parallel 
part of the oil film, can be shown to be untenable 
for the two-dimensional flow postulated. 

It is thought that this assumption is neverthe- 
less essentially correct, but that in the leading and 
trailing parts of the film oil flow is not two-dimen- 
sional, in contra-distinction to the oil flow in the 
parallel part. In fact, in the leading part some 
side-leakage did occur, whilst in the trailing part 
there was a contraction in that the oil film broke up 
into a row of narrow streams of oil, interspersed 
with air spaces, and parallel to each other in the 
peripheral direction. These phenomena must be 
taken into account, it is thought, if one is to arrive 
at a full explanation of the curious fact that in a 
foil bearing the pressure in the parallel part re- 
mains uniform, whereas in a rigid bearing having the 
same geometry of oil film the pressure in the part 
considered falls off rather steeply towards the trail- 
ing part. 

To calculate the thickness consider the leading 
part, where the hydrodynamic pressure is developed 
(see Fig. 7). 

For sufficiently low values of ho, say for ho/R 
< 10-2, the pressure is generated mainly in the 
region immediately before the beginning of the 
parallel film, and the oil wedge formed between a 
plane surface and a cylinder may be replaced by a 
parabolic wedge. Therefore, as in Martin’s theory, 
write (6): h = hy + (x?/2R). 

Equation (5) can be integrated by substituting 
x’/2 Rh, = tg’, as was done by Martin. Then it is 


found that (7): p/ZN = — (3x/V2) . (R/h,)?” . 
(y — 4% sin 4p) + C. 

Given the following conditions: p = O, for 
x= or yp = 2/2, and p = Pn, for x = O or 


y) = O, the thickness ratio h,/R is found to be (8): 
h,o/R = 4.78 (ZN/p,)??. 

APPENDIX II Calculation of the coefficient 
of friction of a foil bearing. Throughout the paral- 
lel part of the film the pressure is constant, and con- 
sequently the distribution of the speeds of flow is 
the same for all film sections. This distribution is 
linear across the film, just as in a Couette visco- 
meter’. For the parallel part the friction exerted on 
the foil may be written (9): F, = 22* ZNR . R/hy. 

In the other two parts, the distribution of 
speeds is the result of two flows®**: 1. Couette-type 
flow, with a linear speed-variation, across the film; 
2. Poiseuille-type flow, caused by the pressure- 
variation along the film. The resulting distribution 
of speeds is parabolic. While the friction gener- 
ated by this Poiseuille-type flow drags the foil along 
in the trailing part, in the leading part it restrains it 
with an equal force. This Poiseuille-type flow 
therefore does not contribute anything to the total 
friction. 

The friction due to Couette-type flow in the 
leading part adds up to that in the trailing part, and 
the sum of their contributions to the total frictional 
force may be written: 
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By making use of (6) and integrating, it is 
found that (10): F.e = 22° V2 ZR . (R/h,)”™. 

The summation of F; and F. gives the total 
friction F on the foil. Making use of (8) for the 
coefficient of friction f = F/2p,,R may be written 
(11): f = 2.05 (ZN/py)/? + 6.30 (ZN/p,,)?/*. 

For 10° ZN/pm < 10* the second term repre- 
sents a correction of less than 4 per cent on the 
first term and may be ignored. One thus sees that 
in this region of ZN/p, the coefficient of friction 
increases less rapidly with ZN/p,, for the foil bear- 
ing than for the classical bearing in which, in the 
region considered, the coefficient of friction is pro- 
portional to (ZN/p,)’/?. 
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quirements for technical information from the 
simplest data to comprehensive reports on the cur- 
rent state of knowledge on materials, processes or 
products. Technical literature contains data 
relevant to practically every research problem in 
which a company may be interested, whether it be 
development of new products, improvement of ex- 
isting products, or reduction of costs through new 
or substitute materials or other means. 

SUPPLEMENT to June, 1953, LE, p, 172: For immediate refer- 
ence, the following illustration should accompany the Authors’ 
Closure of the paper The Lubrication Characteristics Of Syn- 
thetic Lubricants At High Sliding Velocities, by R. L. Johnson, 
M. A. Swikert, and E. E. Bisson. Though the content of the 
illustration is indicated in the key, reference should be made 
the original paper for complete details. 
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Key: Effect of purity of Di(2-ethyhexyl) sebacate on friction 
coefficient as obtained in 6 different pieces of evaluatian ap- 
paratus. (Fluid purification obtained by percolation through 
absorption columns.) Load range, NACA studies, 200 to 2400 
grams; NRL studies, up to 20,000 grams. Speciments, in all 
cases, steel on steel. 
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(Section News, Continued from 301) 


The program for the Boston 
Section monthly meetings for °54 
includes: Feb. 8, Lubricating 
Greases, by T. G. Roehner; Mar. 
15, Developments In Gears & 
Gear Lubricants, by D. W. Dud- 
ley; Apr. 26, Paper Mill Lubrica- 
tion, by C. L. Pope; and May 17, 
Past Chairmen’s Night. (Sub- 
mitted by A. S. McNeilly, Sec’y.) 


CLEVELAND: September meeting 
—Annual Fall golf party and 
clambake. (Submitted by R. H. 
Josephson, Sec’y.) 


KINGSPORT: October meeting — 
R. Mensing, Socony Vacuum Oil 
Co., presented papers entitled 
Lubrication Of Gears, and The Re- 
cent Improvements In Additives. 
(Submitted by J. E. Fleenor, Sec’y- 
Treas.) 


MILWAUKEE: September meet- 
ing — W. H. Millett, Carbide & 
Chemicals Co., presented a paper 
entitled Non-Flammable Hydraul- 
ic Fluids. 

November meeting — _ Joint 
meeting with ESM, with Major 
General S. D. Sturgis, Jr., 
speaking on The Corps Of Engi- 
neers, The St. Lawrence Seaway 
And The Great Lakes System. 
(Submitted by R. W. Schroeder, 
Sec’y.) 


NORTHERN CALIFORNIA: Oc- 
tober meeting — R. D. Kelly, 
United Air Lines, presented a 
paper entitled Turbine-Powered 
Commercial Transport Aircraft, 
abstracted as follows: 
“Commercial j et transport 
service will cut present flight 
time approximately in half. Jet 
transport planes to be successful 
must be approximately twice the 
weight of the current DC-6’s. 
The cruising speed must be 530 
miles per hour or better. Eighty 
or more first-class passengers (or 
120 tourist passengers) must be 
accommodated plus normal bag- 
gage. The cost per airplane will 
be very high. The projected flight 
time, San Francisco-New York— 
is 5 hours, non-stop. The turbo- 
prop engine which has been much 
discussed will not be available as 
soon as the full jet engine so 
U. S. manufacturers will see the 
need for going directly to the jet 
airplane or being outclassed by 
aircraft of foreign manufacture. 
it is anticipated the jet engine will 
be ready for commercial applica- 
tion within the next 5 to 6 years.” 
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November meeting — W. E. 
Campbell (ASLE President), Bell 
Telephone Laboratories, pre- 
sented a paper entitled The Pres- 
ent Status Of Fretting Wear, de- 
scribing the causes and methods 
of preventing fretting corrosion. 
(Submitted by R. H. Decker, 
Sec’y-T reas.) 


PITTSBURGH: September meet- 
ing — J. P. Critchlow, Gulf Oil 
Co., presented a paper on the sub- 
ject of Extreme Pressure Lubri- 
cants. (Submitted by L. A. 
Tachoir, Sec’y-Treas.) 


SAGINAW VALLEY: September 
meeting — A “Stump the Ex- 
perts’’ quiz program, with P. Uhl, 
Detroit Diesel Engine Div.; H. 
Schultz, Buick Motor Div.; S. 
Kimball, A. C. Spark Plug Div.; 
and J. Edmands, Bay City Shovels, 
as Panel Members. (Submitted by 
N. M. Pagels, Sec’y.) 


SYRACUSE: September meeting 
— Annual election of officers 
(See ASLE Directory). 

October meeting — C. L. Pope, 
Eastman Kodak Co., presented a 
paper entitled Simplification Of 
Industrial Oils Based On A Uni- 
form Viscosity System. (Sub- 
mitted by E. J]. Naughton, Sec’y.) 


TWIN CITIES: October meeting 
— V. A. Baxter, Western Oil & 
Fuel Co., presented a paper on the 
subject Evolution Of Automotive 
Lubrication. (Submitted by C. D. 
Johnson, Sec’y.) 


(Lube In The News, from 312) 

ciency. Of a water-base ‘“‘snuff- 
type’’ material, it has shown the 
lubricating ability of high grade 
petroleum hydraulic oils, will not 
freeze, and is easily pumpable at 
working temperatures down to 0° 
F. The viscosity index of the liquid 
is 150, indicating resistance to 
viscosity changes at varying tem- 
peratures; laboratory and field 
tests show it can be used effi- 
ciently at 1,000 psi pump pres- 
sure, with film strength tests in- 
dicating further that it will carry 
2/2 times the load of conven- 
tional hydraulic oil of similar vis- 
cosity. For further information, 
write: E. F. Houghton & Co. 
(LE9/6), 303 W. Lehigh Ave., 
Phila. 33, Pa. 


LUBRI-MIST No. 1 & No. 2: A 
new idea in an aerosol type bomb 
for spraying a fine mist of sub- 
micron size particles of molyb- 


denum disulfide over and into 
friction surfaces has been an- 
nounced. Available in two types, 
Lubri-Mist No. 1 has a volatile 
carrier giving dry _ lubrication, 
while Lubri-Mist No. 2, with a 
synthetic oil carrier offers an oily 
surface. Packaged in 12 oz. and 6 
oz. sizes. For further informa- 
tion, write: Lubri-Mist Co., Inc. 
(LE9/6), Waukesha, Wisc. 


BARCOTE NO. 600, a new leaded 
petroleum compound developed 
for the protection of metal sur- 
faces against corrosion, is recom- 
mended for four basic types of ap- 
plications: (1) Corrosion protec- 


tion of structural steel and sheet 
metal, (2) Protection of rails, and 
rail joints, (3) Lubrication of wire 
rope, and (4) Protection of metal 
parts in storage. A solvent, cut 
back, leaded compound, it pro- 
vides coverage with a thin film 
which sets to a semi-hard coating 
of pure lubricant—with adhesion 
and penetration of all metals. 
Since the film is semi-hard and 
rubber-like in nature, it expands 
and contracts without flaking, 
cracking, pulling away, blistering 
or failing; it will flow at O° F., 
does not emulsify with water and 
has penetrating action sufficient 
to carry it behind scale and 
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MULTIPLE-BEARING 
LUBRICATION 


LUBRICATE UP TO 


40 BEARINGS 
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Now, the advantages of Micro-Fog Lubricators have been 


extended to applications on bearings, gear boxes and small 


air-operated devices. It produces an extremely fine and 


uniform air-borne Micro-Fog at low air flow; transmits it 


over greater distances than previously possible; distributes 


it evenly thru as many as 40 outlets; provides exact control 


and uniform rate of oil feed. 


WRITE FOR NEW CATALOG SHEET NO. 485 
PIONEER AND LEADER IN OIL FOG LUBRICATION FOR 25 YEARS 


A. co. 


3434 So. Elati St., Englewood, Colo. 
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ASLE INDUSTRIAL MEMBERS 


Alemite Div., Stewart-Warner Corp..............-. E. R. Harris 
1826 Diversey Parkway, Chicago 14, III. 

Te E. M. Kipp 
New Kensington, Pa. 

eT 0 L. E. Hoyer 
230 Park Ave., New York 17, N. Y. 

ge D. M. Cleaveland 
Bendix Aviation Corp., South Bend 20, Ind. 

ERE el re eer F. S. Ehrman 
Fort Wayne 2, Ind. 

Cincinnati Milling Machine Co................ M. E. Merchant 
Cimcool Div., Cincinnati 9, Ohio 

| W.C. Kesler 
Eastman Ave. & Kresson St., Baltimore 3, Md. 

ES er eee area E. F. Graves 
Midland, Mich. 

e. 1 caro Gereemours @ Co.. imc................. J. H. Fuller 
1007 Market St., Wilmington, Del. 

EO ee C. T. Stone 
15 W. 51st St., New York 19, N. Y. 

EERE Ra ee eae L. O. Witzenburg 
3249 E. 80th St., Cleveland 4, Ohio 

6 so doin anak kB don ww we R. J. Gits 
1846 S. Kilbourn Ave., Chicago 23, III. 

ae dak Wig isos $e BG W. H. Hodson 
5301-11 W. 66th St., Chicago 38, III. 

ed ica. an iw 09 oo ye oie eS oe owe C. R. Schmitt 
303 W. Lehigh Ave., Philadelphia 33, Pa. 

Ss ee i a wilok Kad aed vara wees L. J. Reguly 
3210 Watling St., East Chicago, Ind. 

BO) A. P. Fox 
5701 Natural Bridge Ave., St. Louis 20, Mo. 

kb oe a p66 6 R's, AG N-GW WK HD A. 0. Willey 
Box 3057, Euclid Station, Cleveland 17, Ohio 

Nationa! Cash Register Co................... R. F. McKibben 
Dzyton 9, Ohio 

er C. T. Lewis 

Republic Bldg., Cleveland, Chio 

en ee ne B. G. Symon 
50 W. 50th St., New York 20, N. Y. 

Le C. M. Larson 
600 Fifth Ave., New York 20, N. Y. 

socony-Vacwen OW Go., Inc... .............: G. C. Kellersman 
26 Broadway, New York 4, N. Y. 

Southwest Grease & Oil Co., Inc............... H. A. Mayor, Jr. 
220 W. Waterman St., Wichita 2, Kan. 

a a E. Connelly 
Standard Oil Bldg., San Francisco 20, Calif. 

Standard Oil of Indiana...................00085 G. E. Bowers 
910S. Michigan Ave., Chicago 80, III. 

ie a ws 6) ov 46: eo E. S. Ross 
1608 Walnut St., Philadelphia 3, Pa. 

re C. B. Dwyer 
205 E. 42nd St., New York 17, N. Y. 

UN aie a Gg bnaknh gS Ah GOW. 0-0 F. E. Rosenstiehl 
135 E. 42nd St., New York 17, N. Y. 

Timken Roller Bearing Co..................0.. H. T. Peeples 
1835 Dueber Ave., S.W., Canton 6, Ohio 

Trapon Grmmpering Com... .. 2... 0... ce cece W. Deutsch 
1814 E. 40th St., Cleveland 3, Ohio 

ee C. A. Bailey 
525 William Penn PI., Pittsburgh 30, Pa. 

Westinghouse Electric Corp................... H. E. Mahncke 


Research Lab., East Pittsburgh, Pa. 
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through rust; it does not evapo- 
rate in storage, is soluble in pe- 
troleum solvents, and may be 
filtered through a .005 inch mesh 
unit. Write for Bulletin No. 61, 
The Brooks Oii Co. (LE9/6) . 934 
Ridge Ave., Pittsburgh 12, Pa. 


AIR-PRIMED PORTABLE LUBRI- 
CATOR: Aro-Pak, a completely 
new air-primed portable lubrica- 
tor, consists of a cylindrical tank 
holding 5 Ibs. of grease, a handy 
carry strap, and hose and noz- 
zle that enables the user ts fubri- 
cate fittings in hard-to-reach lo- 
cations with simple one-hand op- 
eration even in extreme cold 
weather. A hand pump primes 
the unit with air pressure in a 
minute, and one priming keeps 
2’ Ibs. of grease under pressure; 
no compressor is needed. Only 15 
Ibs. in weight when full, it fea- 
tures visual grease level indicator, 
volume control nozzle, full swiv- 
eling, with pressure booster fea- 
ture. A companion unit, Aro- 
Fil gun filler, enables the user to 
quickly and easily fill the Aro- 
Pak (although it can be filled by 
hand) or any hand gun. For fur- 
ther details, write: Aro Equip- 
ment Co. (LE9/6), Bryan, Ohio. 


Book 
Reviews 


LEO UBBELOHDE, SEIN WIRKEN 
by his pupils, colleagues, and friends. G. 
Braun, Karlsruhe, 1951, 164 pages, 
21 illustrations, DM 12. 
Among the technical participants of the 
second World Petroleum Congress in 
Paris, 1937, one met at many sessions 
and in the halls an imposing figure more 
mindful of the ancien regime ambassador 
than of the scientist. His discussion re- 
marks were pointed and his speeches 
testified to an unusual perspective and 
breadth of vision. Such were the first 
impressions that Leo Ubbelohde left with 
the writer. 

Professor Ubbelohde’s contributions to 
applied science and especially to the field 
of lubrication have been manifold. The 
connection of his name with a variety 
of measuring devices and with standardi- 
zation in our industry bears eloquent 
testimony to his pioneering activities, since 
reliable measurements and well defined 
units are the starting points of all real 
progress in technology. His demonstra- 
tion, in a series of brilliant papers be- 
tween 1905 and 1913, of the need to 
use absolute rather than the conventional 
viscosities of the petroleum industry in 
journal bearing calculations and of the 
futility of much of the ‘‘oil-testing’’ then 
going on, will forever stand as classical 
contribution to lubrication engineering 
literature. 
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In its emphasis on the civic activities 
of Professor Ubbelohde as organizer of 
philanthropic enterprises and as techni- 
cal expert before the bar, this little 
‘Festschrift’? recognizes implicitly that 
public recognition of technical men_ is 
predicated upon their interest in their fel- 
low men. 

The booklet contains—in the form of 
24 separate and apparently unedited con- 
tributions—the raw material for a biog- 
raphy rather than a coherent biography, 
and was assembled on the occasion of 
Professor Ubbelohde’s 75th birthday. 

A. Bondi 


MACHINE TOOLS AND THEIR LUBRI- 
CATION 
by Shell Oil Co., Publishers, 50 W. 50th 
St., New York 20, N. Y., or 100 
Bush St., San Francisco, Calif., 1953, 
price: no charge. 
An interesting history of the development 
of machine tools, a simple explanation 
of their mechanical aspects, and an analy- 
sis of the role of lubricants in their main- 
tenance and operation are contained in 
MACHINE TOOLS AND THEIR LUBRI- 
CATION. The second number in the 
Volume II series of the Panorama of 
Lubrication booklets published by Shell, 
and written to be of interest both to 
readers unfamiliar with machine tools and 
to experienced machinists, it is not a 
manual on machine tool lubrication; in- 
stead, it is a comprehensive discussion of 
the fundamental factors found in the con- 
struction, operation, and maintenance of 
modern machine tools. 


Containing many photographs and 
drawings in color to depict graphically 
the functions of the various components 
of machine tools and their lubricants, the 
booklet begins with an account of the 
development of machine tools, then shows 
how power is controlled and force is di- 
rected to shape metal by cutting and 
chipping, analyzes the factors that con- 
tribute to friction and wear, and describes 
the roles of lubricants. Specific classes 
of machine tools are described: lathes, 
milling machines, grinders, drills, broaches 
and tapping machines, planers, shapers 
and slotters, and contour cutting machines. 
Hydraulically actuated devices for operat- 
ing and controlling certain actions of ma- 
chine tools, which have become increas- 
ingly important in recent years, are dis- 
cussed separately. The booklet concludes 
with a section on the various types of 
lubricants and their application. 





Patent 
Abstracts 











Prepared by ANN BURCHICK from OF- 
FICIAL GAZETTE, Vol. 673, No. 4; 
Vol. 674, Nos. 1, 2, 3, 4, 5; Vol. 675, 
Nos. 1,2. Printed copies of patents are 
available from the Patent Office at 
twenty-five cents each. Address the 
Commissioner of Patents, Washington, D. 
C. for copies and for general information 
concerning patents. 


PREPARATION OF LUBRICATING OIL, 
Patent #2,650,188 








OW PULSOLATOR 


is made and sold 
by ffangel 


Manzel has added the world-famed Pu/solator 
to its established line of Force Feed Lubricators 
and Chemical Feeders. Thus, this 55 year old or- 
ganization now offers low pressure, single pump 
lubrication for applications where the unlimited 
pressure of Manzel force feed, individual pump 


systems is not required. 


















Here are three typical applications 
showing Pulsolator automatic, loop 
systems for lubricating machine tools, 
printing presses and comparable 
equipment. As many as 1,000 bear- 
ings can be lubricated by one system 
from a loop line of up to 300 feet. 
Capacities, timing, and quantity of 
lubricant delivered can be adapted 
to individual requirements. Manzel 
engineers will be glad to plan a sys- 
tem to meet your exact needs either 
on new machines you are planning 
or on existing equipment. 


DIVISION OF FRONTIER INDUSTRIES 


273 BABCOCK STREET, BUFFALO 10, NEW YOKK 
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by G. E. Reese & J. L. Larkin, assignors 
to Sun Oil Co. 
In a process for preparing lubricating oil 
from naphthenic base crude petroleum 
wherein hydrocarbons boiling below the 
lubricating oil range are removed as dis- 
tillate in a primary distillation step and 
lubricating oil is removed as distillate in a 
subsequent vacuum distillation step, the 
steps for producing lubricating oil having 
improved bloom and color stability charac- 
teristics which consist of reacting the 
charge to one of said distillation steps with 
ammonia in the presence of caustic soda, 
said ammonia and caustic soda having 
been added in amounts of at least 1.2 Ibs. 
NaOH and 0.1 Ib. NHs, respectively, per 
bbl. of mazout resulting from said first 
distillation step. 
OIL-SOLUBLE PETROLEUM SULFON- 
ATES, Patent =2,650,198 
by W. Kronig, H. Seeles, & H. Bur- 
meister, assignors to Shell Develop- 
ment Co. 
A process for the preparation of an oil 
solution of ammonium petroleum sulfon- 
ates which comprises: sulfonating a min- 
eral oil fraction; separating an oil solution 
of petroleum sulfonic acids from the re- 
sulting sulfonation admixture; neutraliz- 
ing the oil-soluble petroleum sulfonic 
acids in said oil solution with an aqueous 
alcoholic solution of a basic-acting alkali 
metal compound; concentrating the result- 
ing oil-soluble alkali metal petroleum 
sulfonates by removal of the alcohol from 
admixture therewith; dissolving the con- 
centrated oil-soluble alkali metal petro- 
leum sulfonates in a highly refined min- 
eral oil having a viscosity of between 
about 50 and about 180 SSU/100 F.; 
converting said petroleum sulfonates in 
the resulting oil solution to their corre- 


sponding petroleum sulfonic acids by 
treating with a mineral acid; adding 
thereto a minor amount sufficient to pre- 
vent an increase in viscosity of said oil 
solution during a subsequent neutraliza- 
tion step of metaphosphoric acid and 
neutralizing the resulting admixture of 
petroleum sulfonic acids and meta-phos- 
phoric acid in oil with ammonia. 


LITHIUM HYDROXY STEARATE 
GREASE COMPOSITIONS, Patent +2,- 
651,616 
by J. B. Matthews, D. Evans, J. F. Hut- 
ton, & J. O. Cliffe, assignors to Shell 
Development Co. 
A method of manufacturing a lubricating 
grease which comprises heating an oleagi- 
nous vehicle mixed with a grease forming 
amount of alkali metal aliphatic mono- 
carboxylic acid soaps containing at least 
35% lithium hydroxy fatty acid soaps 
until a homogeneous composition is 
formed, cooling said composition to a 
temperature between about 110 C. and 
about 170 C. at a rate between 1 C. and 
3 C. per minute, isothermally gelling 
the composition between said tempera- 
tures and _ subsequently cooling the 
grease. 


GREASE COMPOSITIONS, Patent +2,- 
652,361 
by H. A. Woods & L. C. Bollinger, as- 
signors to Shell Development Co. 
Gasoline-resistant grease comprising be- 
tween about 5% and about 25% by 
weight of an inorganic colloidal gel, a 
water-soluble polyoxyalkylene fluid and 
a partial ester of a polyhydric alcohol 
having from 2 to 10 carbon atoms with 
a higher fatty acid, the proportion of 
polyoxyalkylene fluid varying between 
about 2 and about 4 parts by weight for 
each 5 parts of weight of said ester. 


GREASE COMPOSITION, Patent #2,- 
652,362 

by H. A. Woods & R. C. Jones, assign- 

ors to Shell Development Co 

A grease composition comprising a major 
amount of a lubricating oil having incor- 
porated therein an amount sufficient to 
form a grease of a gelling agent and 
0.01 to 5% each of an aromatic naph- 
thyl amine and the reaction product of 
phosphorus pentasulfide and a dicyclic 
terpene. 


GREASE COMPOSITIONS, Patent +#2,- 
652,363 

by H. A. Woods & L. C. Bollinger, as- 

signors to Shell Development Co. 

A gasoline-resistant grease comprising a 
gelling amount of hydroxyalkylamine soap 
of a higher fatty acid, 20-50% by weight 
of a water soluble polyoxyalkylene fluid 
and 30-60% by weight of a partial ester 
of a polyhydric alcohol having less than 
six carbon atoms with a higher fatty acid. 


HIGH TEMPERATURE GREASE COM- 
POSITIONS, Patent +2,652,364 

by H. A. Woods & L. C. Bollinger, as- 

signors to Shell Development Co. 

A lubricating grease composition com- 
prising as the lubricating base thereof a 
mixture of from 55% to about 95% by 
weight of a synthetic high boiling liquid 
polyhydrocarbylsiloxane having a viscos- 
ity within the lubricating oil viscosity 
range and from about 5% to about 45% 
by weight of a mineral oil having a vis- 
cosity of between about 1250 and 
about 11,000 SUS at 100 F., said mineral 
oil containing less than about 15% by 
weight of aromatic hydrocarbons, the 
lubricating base being thickened to a 
grease consistency by a sodium soap of 
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from Sinclair Research 


come proven lubricants 


for all applications 





e TURBINES 

© STEAM ENGINES 

DIESEL ENGINES 

METAL WORKING 

PLANT MACHINERY 
CONSTRUCTION MACHINERY 
AUTOMOTIVE EQUIPMENT 





Sinclair’s Research Laboratory, Harvey, Illinois, is 
dedicated to developing new products and improving the 
quality of existing products. From this famous 
laboratory come the Sinclair lubricants which, today, are 
answering many of the problems of lubrication 

engineers in all branches of industry. A letter to Sinclair 
may bring the solution to your lubrication problem. 





SINCLAIR 
REFINING 
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600 FIFTH AVENUE, NEW YORK 20, N.Y 
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a carboxylic acid having at least 20 car- 
bon atoms per molecule, said grease con- 
taining a minor proportion of an alkali 
metal salt of an organic carboxylic acid 
containing an aromatic ring. 


MANUFACTURE OF GREASE COMPOSI- 
TIONS— Patent +2,652,365 

by R. J. Moore & J. N. Wilson, assignors 

to Shell Development Co. 

The method of making a wide temperature 
grease composition comprising admixing 
an oil having a viscosity above 500 at 
100 F. SUS with a grease forming gelling 
agent in an amount so that the gelling 
agent comprises from 10% to about 50% 
of the mixture, heating until a homo- 
geneous non-crystalline mass has formed, 
cooling said grease concentrate to a tem- 
perature below 100 C., and admixing into 
said grease concentrate at this temperature 
a light oil having a viscosity below 300 
at 100 F. SUS until the content of the 
gelling agent based on the total com- 
position ranges from about 5% to about 
15% by weight. 


METHOD OF PREPARING LUBRICAT- 
ING GREASE COMPOSITIONS, Patent 
#2, 652, 366 

by ‘R. C. Jones & R. J. Wall, assignors to 

Shell Development Co. 

A process for the preparation of a lubri- 
cating grease which comprises heating a 
mixture of a lubricating oil and a grease 
forming amount of a gelling agent there- 
for to about solution temperature Th, 
quenching the heated mixture in a period 
of time less than about one minute to a 
lower temperature Tz between about 25 
F. and 55 F. lower than said solution 
temperature 1, substantially all of the 
quenching being conducted before any 
substantial shearing of the mixture, and 
thereafter shearing said mixture at tem- 
perature T» to form a grease, the amount 
of shearing performed upon said grease 
being at least 4000 ft. Ibs. per pound of 
finished grease. 


LUBRICATING COMPOSITION, Patent 
#2, 652,367 

by D. E. Adelson, assignor to Shell De- 

velopment Co. 

A lubricant comprising a major amount 
of mineral oil and a minor amount, suffi- 
cient to stabilize said lubricant against 
deterioration, of a reaction product ob- 
tained by reacting an organic carbonyl 
compound selected from the. group con- 
sisting of ketones and aldehydes with an 
alkylene polyamine in the mole ratio of 
2 to 6:1 to 3, respectively, and at a 
temperature of from 50 to 250 C. until 
water formation ceases and treating the 
resulting reaction product with an inor- 
ganic carbon-free sulfur compound select- 
ed from the group consisting of phosphor- 
us sulfide, sulfur halide, and sulfur in the 
mole ratio of from 1:1 to 1:8, respective- 
ly, at a temperature ranging from below 
zero degree to about 175 C. and for a 
period of from 3 to 24 hours. 


LUBRICATING OIL COMPOSITION, Pat- 
ent #2,652,368 
by D. S. Melstrom & F. J. Watson, as- 
signors to Shell Development Co. 
A lubricant comprising a hydrocarbon 
lubricating oil base and in admixture there- 
with a minor amount sufficient to im- 
prove the viscosity index of the oil of a 
copolymer of cracked wax olefins and 
sulfur dioxide having a molecular weight 
between about 5000 and 100,000. 


ALUMINUM-CARBON BLACK THICK- 
ENED GREASE COMPOSITIONS, Patent 
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Get full details* 
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Highly adhesive 
open gear and 
cable lubricant 


This new lubricant is made in three grades (light, medium, heavy) 
for heavy-duty service for open gears, cables, presses, shovels, 
hoists, shears, cranes and other applications where conditions do 
not permit enclosure. It can be applied by spray, brush, swab, 
or dip, without preheating. Resists moisture. Has high film strength, 
lubricity and oiliness. And as its name implies—it is tenacious— 


it hangs on! 





COSMOLUBE 
101 & 102 











Non-melting, 
hon-separating, 
versatile grease 


This is a new grease that has no softening or melting point! It is 
a bentone-bodied grease, ideal for pumps handling hot liquids and 
applications at elevated temperatures in steel mills, foundries, etc. 
It is water resistant, oxidation inhibited, will not separate and can 


be used in conventional greasing equipment. 


*Write for data sheets 
on these two newest 
Houghton Fortified Lu- 
bricants. Address E. F. 
Houghton & Co., 303 
W. Lehigh Ave., Phila- 
delphia 33 ,Pa. 
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The VR filter is designed 
for filtering hydraulic oil, 
quenching oils, trans- 
former oil, solvents .and 
other industrial liquids. 





The Sumptype filter is ideal for filter- 
ing coolants. The filter plate assembly 
is attached to the intake pipe of the 
circulating pump and the coolant is 
drawn through the filter discs and de- 
livered clean and free from all metal 
particles and grit, to the nozzeis. 


% Clean hydraulic oil greatly pro- 
longs the life of all moving parts, 
such as pistons, cylinders, pumps, 
valves, etc. 

% Filtering hydraulic oil extends the 
life of the oil. Drain and leakage 
oil may be reclaimed. One large 
user of hydraulic machinery saved 
$90,000.00 in hydraulic oil alone 
in one year by filtering oil with 
Sparkier Filters. ; 

% Filtering hydraulic oil eliminates 
sticking and clogging of valves 
and reduces down time and main- 
tenance cost. A prominent authority 
on hydraulic machinery says that 
70% of servicing and repairs is 
due to the improper condition of 
hydraulic oil. 
Filtering coolant fluid removes all 
fine metal particles and grit from 
grinding wheels that is pumped 
back to nozzles unless a filter is 
employed in cleaning up the 
return coolant. 

Clean filtered coolant prevents 

scratching and flat spots on work 

piece and increases the life of 
grinding wheels and cutting tools. 

Reduces the frequency of dressing 

grinding wheels. 

The Sparkler VR filter is cone 

structed on a simple filtering prin- 

ciple using filter paper as a media. 

The filter plates can be removed 

easily for cleaning which con- 

sists only of removing the dirty 
paper and replacing with fresh 
sheets. Any shopman can make this 
change of paper in a few minutes. 

The cost of replaced paper is less 

than a dollar per change. 


Let a Sparkler representative demonstrate these filters in your plant 


SPARKLER MANUFACTURING CO. 


Mundelein, ; ul. 











+ 2,653,131 
by Rosemary O'Halloran, assignor to 
Standard Oil Development Co. 

An improved process for the formation 
of lubricating grease compositions con- 
taining combined therein carbon black 
which comprises the steps of admixing 
from 1.5% to 10.0% by weight of an 
aluminum soap of high molecular 
weight substantially saturated fatty acid 
in a mineral oil, heating said mixture to 
completely disperse said soap in said 
oil, cooling the dispersion below the 
transition temperature of said aluminum 
soap, blending with said cooled soap-oil 
solution from 3% to 30% by weight 
of an amorphous carbon black, and work- 
ing the resulting blend until the desired 
consistency is obtained. 


OXO-BOTTOMS BASE LUBRICATING 
GREASE—Patent #2,653,132 
by A. J. Morway & P. V. Smith, Jr., as- 
signors to Standard Oil Development 
Co. 
A new and improved grease composition 
which comprises a synthetic oil thickened 
to a grease consistency with from about 
5.0% to 20.0% by weight of the lithium 
soap of a high molecular weight sub- 
stantially saturated fatty acid, said synthe- 
tic oil being the residue of distillation at a 
temperature of about 210 C. of the mix- 
ture of products obtained by subjecting a 
mono-olefin to the action of carbon mon- 
oxide and hydrogen in the presence of 
a cobalt catalyst at a temperature of about 
300 F. to 350 F. and under a pressure of 
about 3000 pounds per square inch which 
has been hydrogenated to a predominate- 
ly primary alcohol mixture containing 
one more carbon atom than the mono ole- 
fin. 


COPOLYMERS AND LUBRICANTS CON- 
TAINING THE SAME, Patent #2,653,- 
133 

by W. E. Catlin, assignor to E. 1. duPont 

de Nemours & Co. 

A lubricating oil containing from 0.1% 
to 10% by weight thereof of an oil-solu- 
ble copolymer of a nitrile from the group 
consisting of acrylonitrile and methacry- 
lonitrile, and an alkyl ester in which the 
alkyl group contains from 10 to 18 car- 
bon atoms, inclusive, of an unsaturated 
acid from the group consisting of acrylic 
and methacrylic acids, said nitrile amount- 
ing to 2% to 20% by weight of said co- 
polymer. 


SURFACE ACTIVE COMPOUNDS, Patent 
# 2,653,135 
by W. B. Hughes & E. B. Fisher, as- 
signers to Cities Service Research & 
Development Co. 
The process of resolving emulsions which 
includes mixing with a petroleum water- 
in-oil emulsion a resolving agent con- 
sisting of a product prepared by mixing 
together from one to three mols of an 
aliphatic aldehyde having more than one 
carbon atom and one mol of a mixture 
of a polyethylene amine and an alkyl amine 
having more than four carbon atoms, 
heating the aldehyde-amine mixture for 
a period of from about one half to one 
hour at a temperature slightly below the 
boiling point of the mixture, and neutrali- 
zing the resultant product to a methyl 
Orange end point with propylated naph- 
thalene sulfonic acid, the agent being 
mixed in an amount small but sufficient 
to cause substantial resolution of the 
emulsion, allowing the treated emulsion to 
settle into an oil phase and a water 
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phase, and separating the oil from the 
water. 


t 

SOLUBLE OILS COMPRISING NEUTRAL- 
IZED OXIDIZED PETROLEUM OILS, 
Patent #2,653,909 

by D. Frazier, assignor to The Standard 

Oil Co. 

A machining fluid comprising an emul- 
sion of water with an oxidized, neutral- 
ized oil prepared by oxidizing a refined 
lubricating oil solvent extracted to have 
a viscosity ranging from about 75 to 
600 SUS at 100 F., an ASTM aniline 
point of at least 105 C. and then neu- 
tralizing said oxidized oil with a strong 
base dissolved in a mutual solvent for 
the base and the soap resulting from 
said neutralization, said oil containing at 
least about 0.1% by weight of said 
solvent. 


EXTREME PRESSURE LUBRICANTS, 
Patent #2,653,910 

by R. S. Airs & V. W. David, assignors 

to Shell Development Co. 

An oleaginous lubricating composition 
comprising a major amount of a lubricat- 
ing oil base having incorporated therein 
a minor amount, sufficient to provide the 
composition with extreme pressure prop- 
erties, of an organic trichalcogenone. 


DEWAXING MINERAL OIL, Patent 
72,654,693 

by C. F. Sacra, assignor to Shell Devel- 

opment Co. 

The process of dewaxing a substantially 
asphalt-free wax-containing mineral lu- 
bricating oil distillate which comprises: 
cooling a liquid admixture of said min- 
eral oil distillate and a dewaxing solvent 
consisting essentially of methyl ethyl ke- 
tone and propane, the solvent to oil vol- 
ume ratio being from about 4:1 to 6:1 
and the ketone to propane volume ratio 
being from about 3:2 to 4:1, to precipi- 
tate solid wax from the oil, separating 
the precipitated wax. 


TREATMENT OF LUBRICATING OIL, 
Patent +2,654,696 

by W. N. La Porte, assignor to Sun Oil 

Co. 

Process for improving the color of dis- 
tillate lubricating oil without substantial 
hydrogenation of unsaturated hydrocar- 
bons in said oil which comprises: pass- 
ing said oil downwardly at a temperature 
within the approximate range from 450 
F. to 575 F. through a bed of 4-20 
mesh hydrogen-treating calalyst in the 
presence of hydrogen at a pressure within 
the range from 10 to 35 atmospheres and 
at a space rate within the range from 1 
to 5 volumes of oil per volume of catalyst 
per hour and at a flow rate within the 
range from 10 to 160 cubic feet of oil 
per square foot of catalyst bed cross-sec- 
tion per hour, thereby to maintain a re- 
latively thick liquid film of oil on the 
catalyst: and recovering from said bed a 
lubricating oil having refractive index 
within 0.001 of the refractive index of 
the charge oil, and having color sub- 
stantially improved over that of the 
charge oil. 


POLYSILOXANE-A LUMINUM SOAP 
GREASES, Patent #2,654,710 

by B. W. Hotten, assignor to Califor- 

nia Research Corp. 

A grease composition comprising a major 
proportion of a polysiloxane base oil 
and a complex basic aluminum soap in 
an amount sufficient to thicken the 
polysiloxane base oil to the consist- 


ency of a grease, said complex basic 
aluminum soap having at least two un- 
like organo-anions, one organo-anion de- 
rived from an organic acid, the aluminum 
di-soap of which acid is characterized by 
oil solubility of at least 5% at 400 F., 
and another organo-anion derived from 
an organic acid, the aluminum di-soap of 
which acid is characterized by an oil 
solubility of less than 1% at 400 F. 


MONOCYCLIC TERPENE-SULFUR-PHOS- 
PHORUS SULFIDE REACTION PRODUCT 
AND LUBRICATING OIL CONTAINING 
THE SAME, Patent #2,654,71! 
by A. D. Kirshenbaum & H. W. Rudel, 
assignors to Standard Oil Develop- 
ment Co. 
A mineral lubricating oil composition con- 
taining 0.05 to 50% by weight of a prod- 
uct obtained by simultaneously reacting 
one molecular proportion of a monocyclic 
terpene with about 1.5 to about 2 atomic 
proportions of sulfur and with about 0.01 
to about 0.25 molecular proportions of 
a sulfide of phosphorus at a temperature 
of at least 120 C. and up to a tempera- 
ture of about 200 C. 


Board 
Actions 














At the ASLE Executive Committee Meet- 
ing, June 17, 1953, it was agreed the 
Actions of the Board of Directors be pub- 
lished in the Society’s journal. The Ac- 
tions of general interest for the calendar 
year of 1953 are herewith recorded as 
directed. W. H. Fowler, Jr., Sec’y-Treas. 


ACT, 1-24-53: The Board of Directors 
moved that the Finance Committee, in 
presenting future proposed budgets, show 
the breakdown of the previous year’s 
budget as well as the income and dis- 
bursements against that budget. 


ACT, 1-24-53: Motion was made and 
passed that the Executive Committee 
recommend to the Board of Directors 
that ASLE continue to rotate the meeting 
place for the Annual Meeting among vari- 
ous Section headquarters for the present. 


ACT, 1-24-53: W. E. Campbell moved 
that the membership rolls of the So- 
ciety shall not be used for solicitation ex- 
cept with the approval of the Executive 
Committee. 


RESOLUTION, 1-24-53: Resolved, that, 
to provide needed continuity, the Program 
Committee shall consist of six members; 
three of whom are appointees by the 
President. Of these three members, the 
one with the longest tenure on the Com- 
mittee be the Chairman; the one with 
the next longest tenure, be Vice-Chair- 
man and Chairman-elect, and the junior 
member be one appointed by the Presi- 
dent each year, succeeding to the Vice- 
Chairmanship at the time of the appoint- 
ment of the next junior member. The 
remainder of the Committee shall consist 
of the Chairman of the General Technical 
Committee, the Chairman of the Editor- 
ial Committee and the most recently re- 
tired Chairman of the Program Commit- 
tee. 


RESOLUTION, 1-24-53: Resolved, that, 
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members of the American Society of Lu- 
brication Engineers recalled into the 
armed services, have their membership 
dues waived for the duration of such 
service. 


RESOLUTION, 4-15-53: Resolved, that 
the resolution of the Executive Commit- 
tee adopted July 19, 1952, allocating the 
regional territories of the respective re- 
gional vice-presidents, be rescinded here- 
with, and, that the territories of the re- 
spective regional vice-presidents be: 

Eastern: New York, Pennsylvania, West 
Virginia, North Carolina, Georgia, Flor- 
ida and all states East thereof. 

Mid-Western: North Dakota, South 
Dakota, Kansas, Nebraska, Oklahoma, 
Texas, and all states between there and 
the above eastern boundary. 

Western: All the remaining states in 
the United States and the Canadian Prov- 
inces of British Columbia and Alberta. 

Canadian: All the remaining provinces 
of Canada. 

This reallocation is based on _ the 
natural geographical boundary imposed 
by the Rocky Mountains. It also looks 
to the time when it may be desirable to 
create a new Southern or Southwestern 
region when new sections are developed 
there. 


ACT, 4-15-53: P. F. Chappell moved 
that the symbols on bearir.g problems be 
adopted as standard for the Society. D. 
F. Hollingsworth recommended that a 
list of these symbols be submitted to 
A.S.A. 


ACT, 6-18-53: P. F. Chappell moved 
that a Second National ASLE Symposium 
on the subject of Synthetic Lubricants be 
held in the fall of 1954. 


ACT, 6-18-53: It was moved by W. 


C. Kesler, that the 1955 Annual Meet- 
ing and Exhibit be held at the Hotel 
Sherman in Chicago, April 13, 14 and 15. 





Current 
Literature 











THE SELECTION OF LUBRICANTS FOR 
INDUSTRIAL PURPOSES 
by H. E. Priston, Chemistry & Industry, 
No. 31, Aug. 1, 1953, pp. 809-813. 
The degree of refinement to which an 
oil is subjected is governed by the pur- 
pose for which it is to be used, and 
whereas a highly refined mineral oil, pos- 
sibly containing an oxidation inhibitor, is 
necessary for bearings fed by a circulat- 
ing system where the oil is used again 
and again and any oxidation or thicken- 
ing of the oil in service is undesirable, 
the same degree of refinement would not 
be necessary in the case of oil fed to bear- 
ings on the ‘“‘total loss’’ principle, where 
oxidation of the oil is of lesser import- 
ance. Special characteristics needed for 
steam-engine lubrication, steam turbine 
lubrication, diesel and petrol engine lubri- 
cation, compressor lubrication, general 
bearing lubrication, gear lubrication, and 
lubrication of ball and roller bearings are 
taken up. 


THE KINETIC STUDY OF DETERIORA- 

TION IN USE OF INTERNAL COMBUS- 

TION ENGINE CRANKCASE OILS 

by J. Hughes & J. B. Matthews, Journal 
of the Institute of Petroleum, Vol. 39, 


No. 355, July, 1953, pp. 463-486. 
Mathematical equations are derived which 
describe the kinetics of the deterioration 
of internal combustion engine crankcase 
oils in its various aspects, such as the 
accumulation of oil-insolubles and soluble 
oil oxidation products and the depletion 
of additives. By the application of these 
equations it is shown how a closer under- 
standing can be obtained of the mechan- 
isms of oil deterioration. When applied 
to additive depletion the kinetic approach 
is shown to be useful in throwing light 
on the causes of additive depletion. In 
addition, the kinetic approach makes pos- 
sible the calculation of the optimum addi- 
tive concentrations required for specified 
engine operating conditions and of the 
maximum oil change periods. 


CONTRIBUTION OF THE THEORY OF 
OIL WHIP 
by H. Poritsky, Transactions of the 
ASME, Vol. 75, No. 6, Aug., 1953, 
pp. 1153-1161. 
Oil whip of a rotor consists in a whip- 
ping or whirling motion of the rotor 
shaft, of frequency essentially equal to 
the critical frequency of the rotor; it 
occurs at rotor speeds, roughly exceeding 
double the critical speed. In the paper 
it is shown that an explanation of oil- 
whip phenomena, at least for small eccen- 
tricities, can be obtained from the equa- 
tions of hydrodynamic forces and the 
dynamical equations of motion, provided 
that the hydrodynamic-force expressions 
be modified to delete from the oil forces 
the hitherto included contributions from 
the regions of negative pressure. 


GLOSSARY OF TERMS USED IN PETRO- 
LEUM REFINING 
by Anon, published by API Div. of Re- 
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fining, Platt’s Oilgram, Vol. 31, No. 

165; Aug. 25,1953, p., 2: 
Book gives definition, pronunciation, and 
Gregg & Pitman shorthand forms for more 
than 2,000 colloquial and_ technical 
phrases. Hard cover editions may be ob- 
tained through Lacey Walker, Scretary, 
American Petroleum Institute, 50 W. 
50th St., New York 20, N. Y., at $6.00 
each. 


THE CORRELATION BETWEEN  VIS- 
COSITY & PRESSURE AND THE EFFECT 
OF THIS PROPERTY ON THE LUBRICA- 
TION OF SLIDING SURFACES 
by W. Kochanowsky, Kolloid Zeitschrift, 
Vol. 131, No. 2, May, 1953, pp. 74- 
83. 
The author tries to refute the commonly 
accepted exponential law expressing the 
viscosity/pressure relationship. He claims 
that the assumption that the tempera- 
ture in the interior of the lubricating 
layer is constant, fails to hold in the 
instance of high-load bearings; depend- 
ing upon the material of the bearings and 
heat outlet the heat in bearings may be- 
come very high: under high loads. The 
exponential law should therefore be re- 
placed by another formula. A root law, 
for example, would yield values which 
approximate those obtained in the conven- 
tional manner for lower pressures, but 
would give much lower viscosity values 
for high pressures. A hydrodynamic 
theory can not explain the fact that with 
decreasing velocity friction reincreases 
after passing through a minimum. This 
event, due to mixed friction must be 
explained by considering both liquid fric- 
tion and solid friction. Numerical ex- 
amples illustrate the differences in prac- 
tical results obtained by the two methods, 
and compare them with experimental 
data. 


SPONTANEOUS IGNITION OF LUBRI- 
CATING OILS 
by C. E. Frank, A. U. Blackham & D. E. 
Swarts, Industrial & Engineering 
Chemistry, Vol. 45, No. 8, Aug., 
1953; pp. 1753-1759. 
This paper summarizes a continuation of 
the study on spontaneous ignition phe- 
nomena previously reported with emphasis 
on various types of lubricating oils. To 
obtain significant results, it was neces- 
sary to employ spray injection rather than 
dropwise addition to the ignition cham- 
ber. Examination of lubricants and po- 
tential lubricants including parafin oils, 
polyethyienes, polyethers, esters of di- 
basic acids, polypropylenes, and _ polyi- 
sobutylenes has given spontaneous igni- 
tion temperatures below 300 C., for all 
except the polyisobutylenes. The resistance 
of polyisobutylene apparently is due to its 
high percentage of primary C-H bonds. 
Additional data is given on the influence 
of structure, additives, and metal sur- 
faces on spontaneous ignition tempera- 
tures, and on the ignition behavior of 
selected two-component mixtures. 


INTERFACIAL ACTIVITIES & PORPHY- 

RIN CONTENTS OF PETROLEUM EX- 

TRACTS 

by H. N. Dunning & J. W. Moore, In- 
dustrial & Engineering Chemistry, 
Vol. 48, No. 8, Aug., 1953, pp. 
1759-1765. 

A California crude oil has been studied 

by solvent fractionation, supplemented by 

chromatographic procedures. The inter- 

facial activities, film-forming tendencies, 


concentrations of metal-porphyrin com- 
plexes, and free porphyrin concentrations 
for the various extracts have been deter- 
mined. The results show the presence 
of a considerable amount of the nickel- 
porphyrin complex and indicate smaller 
amounts of the vanadium-porphyrin com- 
plex. Correlations of interfacial activi- 
ties and porphyrin contents show that 
the metallic porphyrin complexes identi- 
fied are large contributors to the inter- 
facial activity of petroleum. 


RENOVATION OF USED OILS WITH 
CARBON & ACTIVATED ALUMINA 
by A. E. Williams, Scientific Lubrication, 
Vol. 5, No. 9, Sept. 1953, pp. 19, 
22-23. 
Recovery of used lubricating oil is com- 
plicated in case of oils having additives. 
Regeneration removes the additives for all 
practical purposes. Centrifugal machines 
eliminate some of the water and most of 
the sludge, but traces of both these im- 
purities may be present. In drying the 
oil under vacuum, any acids in the oil 
will tend to remain there in a concen- 
trated form, so that vacuum drying is 
commonly applied to oils that are merely 
wet and otherwise good. Research work 
has shown conclusively that a suitable 
type of activated carbon is capable of 
taking up from used oil its entire water, 
acidity and sludge in one operation. Car- 
bon treatment is described. Activated 
alumina possesses adsorptive properties 
for very many other substances than water. 
It also eliminates acid and sludge. The 
alumina may be reactivated by controlled 
burning away of the carbonaceous matter. 


THE ROLE OF POROSITY IN FILTRA- 
TION—Numerical Methods For Constant 
Rate & Constant Pressure Filtration Based 
On Kozeny’s Law 
by F. M. Tiller, Chemical Engineering 
Progress, Vol. 49, No 9, Sept., 1953, 
pp. 467-479. 
Based upon the Kozeny law relating the 
rate of flow to the porosity, a method 
was developed for determining (a) the 
pressure drop vs. the depth and the flow 
rate vs. the applied pressure in a fixed bed 
of solids, (b) the pressure vs. time rela- 
tionship in constant rate filtration, and 
(c) the volume vs. time relationship in 
constant pressure filtration. Experimen- 
tal porosity vs. pressure data are pre- 
sented for such materials as kaolin, cal- 
cium carbonate, carbon black (suchar), 
diatomaceous earth (hyflo), asbestos, and 
mixtures of these materials. 


MOLYBDENUM DISULFIDE AS 
A LUBRICANT 
by Anon, Diesel Power, Vol. 31, No. 4., 
April 1953, pp. 90-93. 
Molybdenum disulfide has been proven in 
service to be an effective lubricant under 
operating conditions where other lubri- 
cants have failed. Its main uses are: as 
an aid in the assemby and disassembly 
of close-fitting parts; as a lubricant in the 
hot and cold working and forming of 
metals; as a lubricant for parts which 
must function properly at high and low 
temperatures; as a non-dust-collecting 
lubricant; and, as a dielectric lubricant. 
It has good chemical and thermal stabil- 
ity, does not attack metals and has been 
used to retard corrosion. Lubricating 
properties are attributed to its laminar 
type crystalline structure. 


SILICONES EXTEND LIFE OF OILS & 
GREASES CONTAINING SOAPS 
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“LUBRIPLATE Lubricants satisfy 

the ‘one-shot’ requirements of 
our conveyor idlers. LUBRIPLATE effec- 
tively lubricates each bearing in turn 
and flows through the hollow shaft to 
the next bearing. We do not know of a 
single case of bearing troubie through 
faulty lubrication where LUBRIPLATE 
has been used.” 

For nearest LUBRIPLATE distributor, 
see Classified Telephone Directory. 
Send for free 56-page ‘‘LUBRIPLATE 
DaTA Book’”’. . . a valuable treatise on 
lubrication. Write LUBRIPLATE DIvI- 
SION, Fiske Brothers Refining Co., 
Newark 5, N. J. or Toledo 5, Ohio. 


REGARDLESS OF THE SIZE 
AND TYPE OF YOUR MACHIN- 
ery LUBRIPLATE 
LUBRICANTS WILL IMPROVE 
ITS OPERATION AND REDUCE 
MAINTENANCE COSTS. 
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Every Operating Executive should 
know these Facts about Controlling 
Operating Costs with Centralized 
Lubricant Application Systems 


The outstanding contrast between the individual contact system 
of lubrication (oiler with oil can) and the modern centralized 
system is a matter of controlling the application of the type, 
quantity and time interval of the lubricant, which in turn, 
strongly influences machine down-time, labor and cost-saving. 
The centralized system refunds its cost over and over again as 
long as it is used, while all individual contact methods continue 
to increase in cost indefinitely. 


Here are many of the outstanding advantages of 
centralized lubrication. 


1. Prevents waste of lubricant. 

2. Reduces man-hours devoted to lubricant application to a very minimum. 

3. Reduces machine down-time for lubrication. 

4. Eliminates machine down-time for repairs due to bearing failure or faulty 
operation of worn parts resulting from inadequate lubrication. 

5. Increases productive rate and efficiency of machinery to a uniform 
maximum. 


6. Improves quality of product. 

7. Eliminates product spoilage from dripping of excessive lubricant. 

8. Reduces power requirements by eliminating friction—maintains power used 
consistent with work done. 

9. Eliminates personal injuries and corresponding compensation costs 
attributable to lubricant application. 


At the RIGHT TIME 


Lincoln Centralized 
Lubricant Application 
Systems are installed on 
presses and slicers at 
Cudahy Brothers. 


LINCOLN ENGINEERING COMPANY 


Designers * Manufacturers * Lubricant Application Systems 
5743 NATURAL BRIDGE AVENUE, ST. LOUIS 20, MISSOURI 


Apply the RIGHT LUBRICANT 
In the RIGHT QUANTITY 


by Anon, Chemical & Engineering News, 
Vol. 31, No. 16, April 20, 1953, p. 
1662. 
Polymetehylphenylssilxanes and phenylcy- 
clopolysiloxanes have proved effective as 
antioxidants from 100 to 150 C. in 
grease gelled by sodium, lithium, calcium 
and aluminum, according to work under- 
way at the Naval Research Laboratory’s 
lubrication branch. The inhibitory effect 
appears to increase as oxidation pro- 
gresses. NRL postulates this mechanism 
to explain the antioxidant activity and 
the fact that no inhibition occurs in the 
absence of metallic soap: polyorganosilox- 
anes are adsorbed on the soap particles, 
then liberate radicals which interrupt the 
reaction chain of auto-oxidation. 


SOME EFFECTS OF SURFACE 
CURVATURE ON LAMINAR 
BOUNDARY-LAYER FLOW 
by J. S. Murphy, Journal of the Aero- 
nautical Sciences, Vol. 20, No. 5, 
May 1953, pp. 338-344. 
The laminar flow of a viscous incompres- 
sible fluid over a two-dimensional curved 
surface is investigated for two cases, one 
in which the curvature is ‘‘large’’ and the 
other in which it is ‘‘moderate.’’ The re- 
sults indicate that for equal Reynolds 
Numbers, the stress on convex surfaces is 
less than the flat-plate value, while the 
stress On concave surfaces is greater than 
for a flat plate. The most important 
effect of surface curvature, for the cases 
considered, is the modification of the 
shape of the velocity profile near the 
“outer edge’ of the boundary layer. 


THIXOTROPY OF LUBRICATING 
GREASES 
by B. W. Hotten & B. B. Farrington, 
A.S.T.M. Bulletin No. 189, April 
1953, pp. 53-56. 
A simple worker-penetrometer test has 
been developed for the measurement of 
thixotropy of lubricating greases. Shear 
softening and age stiffening are measured 
separately. Typical lithium, sodium, cal- 
cium, barium, and aluminum soap greases 
were measured. A wide variety in mag- 
nitude and in extent of reversibility of 
thixotropic properties was shown among 
this group of greases. Reproducibility 
of the test among the section members 
was good. 


USE OF SYNTHETIC LUBRICANTS 
by Anon, Petroleum Engineer, Vol. 25, 
No. 4, April 1953, pp. C-62-63. 
Synthetic lubricating fluids are being used 
in compounding commercial lubricants. 
Two types of synthetic lubricating fluids 
can be considered. The first is the class, 
largely of hydrocar’xon origin, which have 
been prepared as substitutes for natural 
mineral oils. The second consists of vari- 
ous fluids that have been developed to 
supplement natural products because one 
or more characteristics of the synthetics 
are superior to the corresponding charac- 
teristics of the natural products. Uses of 
polybutenes, polyalkylene glycols, esters, 
and silicon fluids are discussed. 
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PHYSICAL 
PROPERTIES 
OF LUBRICANTS 


(Second Edition) 


First in the series of ASLE 


monographs, covering Vis- 


cosity, Density and Specific 
Gravity, Cloud and Pour 
Points, Flash and Fire 
Points, Carbon Residue, 


Neutralization Number and 
Interfacial Tension, Saponi- 
fication Number, Emulsifi- 
cation, Specific Heat. $1.00 


per copy 


ASLE PUBLICATIONS 
84 E. Randolph St. 
Chicago 1, Ill. 














WEAR 

AND LUBRICATION 
OF PISTON RINGS 
AND CYLINDERS 


By Dr. Reemt Poppinga. A spe- 
cialized book on problems in- 
volved ‘4 internal combustion 
engines, including Considera- 
tions Concerning Wear, The 
Investigation of: (1) Material 
structure Upon Wear, (2) The 
Influence of the Lubricant 
Upon Wear, (3) The Influence 
of Engine Operating Conditions 
Upon Lubrication and_ the 
Wear of Cylinder and Piston 
Rings. $3.00 per copy to mem- 
bers, $3.50 per copy to non- 
members 


ASLE PUBLICATIONS 
84 E. Randolph St. 
Chicago 1, Illinois 
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Whats 4 Sette. Name 
For Oilers? 


(Reprinted from FACTORY MANAGEMENT & MAINTENANCE, Nov. '53) 


In February of last year we asked for suggestions for a better name 
for “oilers.” So many people seemed dissatisfied with it, felt it 


didn’t dignify the real responsibilities of the job. 


Well, we received suggestions, and some surprises, too. We 
were told that other names actually in use are: machine lubricator, 
lubrication service man, machine service man, equipment service 
man. These last two titles were fostered by prominent members of 
the American Society of Lubrication Engineers. They applied them 


to upgraded machinists, millwrights, and machine repairmen. 


One company reported it does not use the term “‘oiler’’ alone, 
but combines it with the man’s other duties, such as “‘pump repair- 
man and oiler.”’ In the same plant men who lubricate motors and 


keep them clean are called ‘motor tenders.” 


Trying to be helpful, some readers suggested these new titles: 
cleanator, friction operator, servicemen, friction mechanic, machine 
tender. Said one plant: “We had difficulty getting people to take a 
job cleaning out coolant and sludge from machines and pits when 
we classified it as ‘machine and sump cleaner.’ Our employment 
manager suggested we change it to ‘machine cleaner,’ which we 


did, and have had no trouble since.” 


This sort of letter made FACTORY editors feel they were not 


running up a blind alley. But then another ASLE member said: 


“If the man on the job has the requisite intelligence to do the 
job properly, he is intelligent enough to see through a stratagem 
of title that adds nothing to his stature or dignity. After all, while 
the job has progressed since we could turn-a casual laborer loose 
with an oil can, a ball of waste, and a chew of tobacco, the term 
oiler is a good honest description of an honorable and dignified 
occupation. 

“Calling the policeman on the corner a municipal traffic di- 
rector does not change his appearance or function. Neither does 


calling an oiler anything else.” 
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OPENING FOR 
RESEARCH CHEMIST 


Permanent position in eastern research and development 
laboratory of established concern developing basically new 
grease formulations. Seeking man to work at project level. 


in formulation, testing or manufacture of greases. Sub- 

stantial salary and liberal company benefits. Please send 

complete resume of professional and educational history. 
Write Box LE-8. 

LUBRICATION ENGINEERING 

84 E. Randolph St. 


Chicago 1, Illinois 








Opportunity for advancement. Prefer 3-5 years experience 








Opening for 
GREASE CHEMIST 


Permanent position in our research and development labora- 

tory. Modern air-conditioned working conditions. Grease 

experience preferred but not required. Opportunity to work 

with other experienced grease chemists. Opportunity for 

advancement. Must locate in Kansas City. Please write, 

furnishing professional and educational history along with 
salary requirements, to: 

A. J. Daniel, Pres. 

Battenfeld Grease & Oil Corp. 

3148 Roanoke Rd. 

Kansas City, Mo. 








ASLE 


2nd National Symposium on Lubrication 


“Syuthetic Lubricants” 


October 18 and 19, 1954 


LORD BALTIMORE HOTEL 


BALTIMORE, MARYLAND 


D. H. Moreton, Douglas Aircraft Co., Chairman 








ga COLLOIDAL GRAPHITE) ows. 


INDUSTRIAL PRODUCTION 


for—HOT or COLD FORGING, DRAWING AND STAMPING e ASSEM- 
BLY and RUN-IN e HIGH and LOW TEMPERATURES e IMPREG- 
NATION and PARTING e ALL RUBBING and SLIDING SURFACES. PLASTICS 


“Grafo’’ Colloidal Graphite may be obtained in water, petroleum oil and castor oil, 
in concentrated, semi-concentrated and ready-for-use mediums. 


Write Us Regarding Your Special Applications 
| PRODUCE MORE—FASTER—BETTER 


GRAFO COLLOIDS CORPORATION SHARON, PENNSYLVANIA 


Other Industrial Uses: 


STEAM CYLINDERS 
WIRE DRAWING 
PARTING COMPOUNDS 
IMPREGNATION 


CORROSION RETARDANT 
RESISTANCE ELEMENTS 
STATIC CONTROL 
CONDUCTIVE COATINGS 
EXTREME PRESSURES 


360 WILKES PLACE 
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‘ASLE 
TECHNICAL 
LIBRARY 


FUNDAMENTALS 
OF LUBRICATION 


| Nine practical articles 
mentals of lubrication: 
Lubricating Oil, Lubricating Grease, Gear 
Oil Additives, Textile Spindles and Their 
Lubrication, Hydraulic Fluids Simplified, 
Oil Lubrication of Machine Tool Spindles, 
Dispensing Epuipment, Steam 
Lubrication, Filtration of Industrial 
Lubricating Oils. $1.00 per copy 


on the funda 


and 


PHYSICAL PROPERTIES 
OF LUBRICANTS 


(Second Edition) 
First in the series of ASLE monographs 
covering Viscosity, Density and Specific 


Gravity, Cloud and Pour Points, Flash 
and Fire Points, Carbon Residue, Neu 
tralization Number and Interfaciai Ten 


sion, Saponification Number, Emulsifica 
tion, Specific Heat. $1.00 per copy 
PETROLEUM-TYPE 

HYDRAULIC FLUIDS 


Second in the series of ASLE monographs 
covering Hydraulic Oil Specifications and 
Service Properties, Viscosity, Viscosity In 
dex, Demulsibility, Oxidation Stability 
Lubricating Value, Rust and Corrosion 
Preventive Qualities. $1.00 per copy 
WEAR AND LUBRICATION 

OF PISTON RINGS 

AND CYLINDERS 


By Dr. Reemt Poppinga. 
book on problems involved in 
combustion engines, including Considera 
tions Concerning Wear, The investigation 
of: (1) Material Structure upon Wear 


A specialized 
internal 


Wear, (3) the Influence of Engine Oper 
ating Conditions upon Lubrication and 
the Wear of Cylinder and Piston Rings 
$3.00 per copy to members, $3.50 per: 
copy to non-members 

ASLE PUBLICATIONS 
84 E. Randolph St. 
Chicago 1, IIlinois 
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FARVAL—Studies in 
Centralized Lubrication 
No. 151 


eyuetin no.26 





FRE E—ust off press! Bulletin 26 has 20 pages of photographs, 
drawings, diagrams and text, to enable you to select and specify the 
proper Farval systems to protect your machines. Mail coupon today! 


Learn how Farval can 
protect your machines 
and save you money 





HIS new 20-page databook brings you up-to-date 

on centralized lubrication. In words, pictures and 
diagrams, Bulletin 26 shows you how simply and eco- 
nomically Farval systems operate. 


The step-by-step operation of the unique Farval 
Dualine valve is presented in a series of color draw- 
ings. Its outstanding features are discussed. Detailed 
information on Farval systems is given, including 
manual systems, heavy-duty automatics, the compact 
automatic DC 20 specifically designed for smaller 
machines and the Spray Valve system designed to 
lubricate open gearing and slide surfaces evenly. 


All about user benefits, too 

Bulletin 26 also summarizes briefly the experience 
of Farval users. On many machines Farval eliminates 
45 minutes or more out of every hour of hand-oiling 
labor. Farval protects bearings, thereby reducing the 
expense of dismantling machines. By keeping equip- 
ment steadily at work, Farval increases machine pro- 
duction. Farval saves 3 of every 4 pounds of lubricant 
used by other methods. In short, the economies due 
to Farval centralized lubrication usually pay for the 
installation in a few months and continue thereafter 
to pay handsome dividends. 


Mail coupon today. You’ll be surprised at the sav- 
ings and the longer machine life you may enjoy with 
Farval. The Farval Corporation, 3267 East 80th Street, 
Cleveland 4, Ohio. 


Affiliate of The Cleveland Worm & Gear Company, Industrial 
Worm Gearing. In Canada: Peacock Brothers Limited. 


Yes, please mail my FREE copy of the new Farval 
Bulletin 26 without obligation. 


Name 





Title | 








Company 


Street 








City State 
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METALICOIL 


The Number One Spray Lubricant, a 
designed E. P. (extreme pressure) 
compounded mineral oil for the lubri- 
cation of open gearing, sets the stand- 
ard for the 4 gram Timken Test 
method. A test conducted by a labora- 
tory other than ours ran 6800 seconds, 
over 134 hours, with a 434 beam 
load. 


No. 348 METALICOIL is not a sol- 
vent cut-back type, but a straight lead 
naphthenated asphaltic base mineral 
oil, fortified to take shock loads and 
heavy pressures such as experienced in 
the lubrication of bull gears, roughing 
mill gear trains, blast furnace distribu- 
tor drives, drum and skip hoist czb'es, 
bevel gearing on hot beds, ore dock 
bridges, etc. 


No. 348 METALICOIL has exception- 
al retention values in temperature 
ranges from 10 below zero to 150° F. 
with peripherals as high as 5000 
F.P.M., thus one lubricant is used for 
both winter and summer. 


No. 348 METALICOIL may also be 
brushed, swabbed, or dripped on eco- 
nomically and used successfully in 


place of the conventional residual type 


shields. 


No. 348 METALICOIL will not 
sludge, emulsify or build up in the 
roots of teeth in operation. 


Write for sample. 


The product name METALICOIL is a 
registercd trade mark of The Hodson Corpor: 


Che HODSON CORPORATION 


KG 


° 


5301-11 WEST SIXTY SIXTH STREET 


CHICAGO 


38. ILLINOIS 


LOCAL REPRESENTATIVES 


Detroit, Mich. Pittsburgh, Pa. 


Philadelphia, Pa. 


Printed in U.S.A. 





Three Rivers, Quebec 
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